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THE RELATIONS OF WOMEN TO CRIME. 
By ELY VAN DE WARKER, M. D. 
I, 


IK first traditional crime, the fratricide of Abel, was a natural 
outgrowth from the conditions of society, which, eompared to 
the present relations of civilized men, existed germ-like around him, 
These conditions alone gave motive and direction to the deed. To 
all the after-centuries of human crime this primal offense has existed 
asatype. Both in cause and effeet it is reduced to its simplest pro- 
portions. The criminal represents the retrograde tendency of soeicty ; 
the savagism which exists in every community. Order and progress 
are preserved by an irrepressible conflict waged on the border-land, 
as it were, of civilization. Many of these crimes grow out of the 
artificial wants of society. Others are but relative and belong to 
particular conditions, or orders of men, and at other times and places 
are without meaning and void of offense. Thus society is ever eager 
for the warfare, and, at the time it creates the crime, prepares the 
weapons for its punishment. 

The propensity to crime isa fixed eehenet in human nature, Que- 
telet, whom I have frequently referred to in the course of these papers, 
has with singular sagacity and perseverance redueed the social rela- 
tions of man nearly to an exact science. The dark and tortuous 
by-ways in life, which so many seem perforce to follow, arrange them- 
selves with the regularity of geometrical lines under the elear illnmi- 
nation of his analysis. Yet these are surface-lines only. There are 
profound depths of human misery and crime, over which a veil seems 
drawn by a merciful hand, and in which we have but a suspicion of 
the force of law. But, in these depths, in which the terminal fibres 
of human relations find soil and sustenanee, can be found the origin 
of the ordinances under which these surfaee-lines are grouped. If 
this be so, it follows that crime must be studied as a natural phenom- 
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enon rather than as an accident. Those efforts which socicty has 
made to stamp ont and confine this tendency to evil mnst, to an equal 
extent, spring from higher law; just as a breakwater is reared to pro- 
tect an exposed harbor from the encroacliments of storm and wave. 

We have of late years come to look upon criminals as a special 
class of the community. Wehave come to complacently call them 
the “eriminal class,” just. as we do the mercantile class or any other 
reputable order of men. This is so far true as to be capable of proof 
more by the exceptions than the rule. We have come to look upon 
crime as we do the typhus fever or the cholera, as prevailing mainly 
amid dirt and ignorance. I believe this to be true only so far as igno- 
rance permits those good qualities in men to be undeveloped which 
require culture for their development; and the existence of such quali- 
ties has not asyet been demonstrated. It must be understood that 
while the word “ignorance” does not express a positive quautity, it 
yet expresses a positive quality which is true of the mass of people. 
This word with perfect fairness may be applicd to the vast numbers 
which swell the aggregate of a census-table, withont any qualification, 
Tbelicve it can be shown that it ig simply from excess in numbers that 
the ignorant elasses furnish the recruits to the ranks of crime, and not 
from any tendency to crime dependent upon the negative quality of 
ignorance. A careful analysis of facts in this field induces Mr. Buckle 
to say that “the existence of crime, according to a fixed and uniform 
scheme, is a fact more clearly attested than any other in the moral 
history of man.”? Another high authority may be quoted in evidence 
to prove that this scheme is exempt from those laws which govern 
intellectual development: “It is one of the plainest facts that neither 
the individuals nor the ages that have been most distinguished for 
intellectual achievements have been most distinguished for moral ex- 
eellence, and that a high intellectual and material civilization has 
often coexisted with much depravity.” ? 

All this seems to show us that there is a rhythm in human actions 
that forms a minor chord in the forever unwritten music which those 
who love Nature know as existing profoundly in all her works. 

Since we are dealing with an element in hnman character which 
preserves a fixed value, it is evident that we may study the relation 
of any class in any community to these constantly-recurring phenom- 
ena, provided we can isolate this class from all others. In the study 
before us, this has already been done by the division of mankind into 
the sexes, I need draw no other line.’ Women stand out so clearly as 
a class, and, in relation to any series of acts which preserve a more or 
less constant periodicity, are so sharply defined from man, that they are 
easily contrasted with him in relation to any condition common to 
both. 


1“ History of Civilization m England,” vol. i., pp. 22, 28. 
2 “History of European Morals from Augustus to Charlemagne,” vol. i, p. 157. 
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I have already called attention to the fact that intellectual devel- 
opment obeys other laws than those which relate to crime. This re- 
quires to be brought out more clearly in relation to women. In this 
age women are receiving more chivalric attention, more material 
respect, than in any other known to history, In this century they are 
accorded the full right, and are given the aid of some of the best intel- 
lects among the other sex, to adjust those wrongs under which they 
have labored for ages. They are identified with every scheme of love 
and purity which demands good motives and a sympathy that never 
slumbers. Itis for this reason, then, that, when we associate women with 
the idea of crime, it is difficult to believe that they are not influenced 
by other Jaws than those which affect men, There is nothing in a 
brawny hand and coarse muscle which tends to evil, The hand which 
executes may be white and begemmed. The mind which plans may 
be cultivated and refined. 

In the study before us, we shall be obliged to resort to other facts 
than those simply contained in tabulated statements of crime. Sta 
tistics has done much in social study, and in this instance it has 
pointed out the existence of law in human action in the ageresate; 
but it has gone no deeper. We can establish by its means a probable 
difference in the degree to which the sexes are affected by crime; we 
can so group these numerical statements that they will be a mutual 
check upon each other, but if we are to learn any thing of the under 
stratum of human life, of its curves and faults, of which we see only 
here and there an upheaval upon the surface of society, we must 
study sexual and general character, we must observe the mutual rela- 
tion and dependence of the sexes and classes upon each other, and 
give due credit to the cerebral and physical differences which go to 
make up the swn of sex—ali of which are beyond the province of 
figures to express. In the course of these papers, therefore, I shall 
*csort to statistics only to the extent I have mentioned, The popular 
character which I have endeavored to give them also forbids the re- 
sort to statistical detail, except to the extent which is inseparable 
from the nature of the study. 

As in hygiene so in crime, there is not one law for woman and 
another for man. The emotions which impel to crime are few, and to 
the operation of which the sexes are both exposed. But, it does not 
follow that these causes react in the production of crime to an equal 
degree. The propensity to crime, as defined by its actual commis- 
sion, is four times as great in men as in women.’ Here at the ontset 
we are confronted by a remarkable contrast. But, allowed to stand 
as here stated, it involves a vital error. A propensity to crime is its 
existence latent in the possibilities of the individual. Justin Me- 
Carthy, in one of his novels, in describing a character defines her 
virtue as purely anatomical while mentally most unchaste. Were the 


1 Quetelet, “A Treatise on Man,” p. 70. 


4 THE POPULAR SCIENCE MONTHLY. 


4 


propensity was one thing and its physical expression another. It 
therefore follows that if we are to reach the degree of woman’s pro- 
pensity to erime it must be by other means than a simple expression 
of the difference in the actual perpetration of total crime. The pro- 
pensity ean he approximately measured by the degree of the offense, 
Quality and degree are in law the measures of the punishment in- 
flicted on the offender, This is called justice, and it is indeed tem- 
pered with merey when we compare it with the operations of law less 
than a century ago, when it dealt with crime simply as a quality with- 
out reference to degree. In its treatment of criminals, society took 
its first scientific stand-point when it measured the propensity to evil 
by the degree of evil actually committed. It seems safe to assume 
that in a certain limited range, as the degree of crime defines its pen- 
alty, so also it expresses the extent of the propensity. Another fact 
may be approximately established from the same data, The causes of 
crime, those deeply-lidden undercurrents existing in society, the ebb 
and flow of which seem to register themselves in undeviating curves 
of human conduct, must vary in intensity to the degree of crime 
which is their natural outgrowth. Thus, 2 man who commits a crim- 
inal act with the full knowledge that his life is jeopardized thereby 
inust surely be exposed to an influence far greater than one who, 
under all circumstances, would shrink from the greater erime through 
a sense of punishment, but would not hesitate to commit a lesser 
offense. If this is not so, then society has been acting upon a false 
theory in its repression of crime by the fear of punishment. But I 
believe legislation for this purpose has been based upon a correct 
knowledge of human nature, and that the average man with criminal 
tendencies is, to a certain degree, deterred from criminal conduet by 
a fear of punishment. There is strong confirmation of this in the 
condition of society existing in the border States and mining regions, 
in which there is a low estimate of the value of human life, not from 
the faet that life is individually less‘ precious there than elsewhere, 
but that the tendeney to this form of crime exists in greater force as 
a natural outcome of the conditions under which human Ife is there 
grouped. I believe it is just, therefore, to partly form an estimate of 
the tendency to crime by the method I have adopted, aided by a sim- 
ple comparison of the prevalence of crime in general in the sexes. 
The apparent great excess in the prevalence of crime among men 
forms one of the most interesting facts of sex in crime. At the outset 
we ought to reach, if possible, the cause. In this: connection all ideas of 
the innate morality of women over men must be abandoned, Modern 
literature is full of a false and even morbid idea upon this subject. 
M. Michelet has written a romance called ‘ Woman,”? and it is a fair 
sample of what may be termed the sentimental estimate of the sex. 
But the frail creature portrayed in the florid sentences of Michelet 


1“ Woman,” from the French of M. Michelet, by J. W. Palmer. New York, 1874. 
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is not the woman of Franee. One glance at the tables of Quetclet 
proves this. 

We must take a practical view of woman’s character. She must 
be regarded as one in whom the passions burn with as intense heat 
as in the other sex. The limits of her morality are the same as man’s. 
She attains purity in the same manner; and she meets sexual disaster 
through the same means. Her worldly view is bounded by the same 
horizon. She upholds for herself the same standard of success or 
failure. Temptations run in the same channel and are resisted by the 
same psychical traits. The forecs of heredity play the some réle in 
her mental and bodily life. Beyond these, she belongs to a different 
mental type from man, the effects of which in our present knowledge, 
and in the relations we are now studying the sex, reach limits im- 
possible to fix, I can see no other way of viewing the sex, and reach- 
ing any thing like approximate truth in her relations to crime. 

In crimes against persons in which personal strength forms an 
element, there is a physical factor for the difference. The ratio of 
streneth between the sexes is as sixteen to twenty-six, and this is found 
to correspond to the difference in which women and men participate 
in crimes against persons and property.’ Such a coincidence as this, 
constantly recurring, renders, in this broad classification of crimes in 
general, such an explanation probable. But, in a closer analysis of 
crime in particular, this physical basis loses its value as a probable 
eause. While we must allow that sexual difference in strength finds 
a reflex result in consciousness, and thus places a limit to the acts of 
either sex, yet in crimes against persons we find the sexes approaching 
to and receding from a common ratio. It is this fact which leads me 
to the conclusion that all argument regarding the innate excess of 
moral qualities in the female sex over the male, is based upon a fallacy. 
It is strongly confirmatory of this, that a simple numerical comparison 
of the prevalence of crime in the sexes leads to error, unless we credit 
women with the fewer temptations, the less opportunity, and those 
forms of sexual cerebration which find their expression in a want of 
belligerence which characterize women. Thus it would be obvionsly 
wrong to assert that, because twelve women to one hundred men are 
convicted of assassination, women represent more than eight times 
the morality of men in relation to this one offense. This crime is 
just the one to call into play all those conditions which constitute 
the moral atmosphere and conditions of sex. Woman’s want of op- 
portunity, the nature of her ocenpations, and the absence of the same 
degree of temptation, must all be taken into consideration in forming 
an opinion of the moral equivalent of women in connection with the 
crime, If it were possible to give to each one of these modifying con- 
ditions a numerical expression, this moral equivalent could be given a 
mathematical value. But this is impossible, and each possesses in itself 


1 Quetelet, loc. cit, p. 91. 
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an imaginary yet appreciable value, Again, let us group all those 
crimes against persons which involve the taking of human life, and 
observe the extent to which the sexes are engaged. For all crimes 
against persons, Quetelet places the ratio at sixteen to one hundred; 
but in the class of crimes I have seleeted, involving infanticide, poi- 
soning, parricide, assassiuation, and murder, we find this ratio nearly 
doubled, being thirty to one hundred, It is evident that womaun’s 
tendency to crime must be measured by some other standard than 
innate morality. If we apply to these figures the theory that the 
degree of crime is in 2 measure the test of propensity, we obtain some 
startling results. Take the felonies named above in the aggregate, 
and while the marked difference of sex in the commission of total 
erime is evident, we see that in the perpetration of these grave offenses 
she exceeds her ratio of crimes against property. I think this shows 
the probability that those emotions or passions which serve as the 
incentives to crime, approach in intensity the same mental conditions 
in the other sex. When we consider the strong emotional nature of 
women, and that many of these emotions are of an organic or sex- 
ual origin, and their social relations, and the habit of dependence, 
which they have inherited, upon these relations, we must admit that 
the moral elements of erime are so strengthened as to modify mate- 
rially their deficiencies of strength and want of opportunity. 

Many of woman’s social relations are well calculated to clear and 
make easy the way to crime. It is another confirmation of the faet 
that society prepares the crime, and the criminal exeeutes it. Com- 
pensation is found for ber in the fact that society also places obstacles 
in her way by removing many temptations and opportunities for 
offense. But, in those erimes whieh are the natural outgrowth of her 
sexnal and social relations, we fiud woman standing wpon man’s own 
level as a criminal. Thus, in infanticide and in poisoning, both of 
which, from the degree of oifense involved, show a strong action of 
the exciting cause, all sexual differenee in numbers disappears, and it 
is evident that the tendencies to those two crimes are equivalent in 
the sexes. 

As the preceding shadows forth the interesting fact that woman, 
as a criminal, is under forces of both restraint and non-restraint other 
than sexual differences of mind or body, compared to man, it will 
be necessary to refer briefly to the nature and extent of these modify- 
ing circumstances, in order to appreciate the true bearings of the 
question. These conditions spring mainly from her social relations. 
This leaves us another important class of modifying conditions which 
may be traced to sexual relations. Two classes can therefore be 
made: (A) social conditions, and (2) sexual conditions, modifying 
woman’s relation to crime. 

The first (A) which exist sufficiently near to the subject to call 
for analysis are: (1) occupation, (2) opportunity, and (8) marriage; 
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and each of which must have a marked influence on sporadic cases of 
crime, and especially npon the creation of the crimimal habit. But, 
mneh as these modifying circumstances have to do with the question 
before ns, yet returns involving these particulars are so imperfect that 
we are able to get but a hint of the extent to which each acts. 

(1.) Occupation, as it places woman above temptation to the minor 
degrees of crime, or as it brings her more closely in contact with con- 
stantly-reeurring temptations, becomes an important faetor, It is evi- 
dent that these conditions must exist in the lives of both sexes, and 
have their influence on the frequency of crime and the nature of the 
offense, Thus in an official return’ quoted by Quetelet, in which the 
offenders are classified by oceupation, the accused of the cighth class 
who all exercised liberal professions, or enjoyed a fortune, are those 
who have committed the greatest number of crimes against persons; 
while eighty-seven hundredths of the accused of the ninth class, com- 
posed of people withont character, as beggars and prostitutes, have 
attacked scarcely any thing but property. When the acensed are 
divided into two classes, one of the liberal professions, and the othe 
composed of journeymen, laborers, and servants, this difference is ren- 
dered still more conspicuons.? This is sufficient to render the broad 
inference probable that want or necessity induces but the minor 
degrees of crime against property, while the more serious phases of 
crime belong to the opposite conditions of society, or have their main- 
spring in other motives. In the Compte Général de VAdministration 
de la Justice, the occupation of the accused is given by sex, and under 
the article Domestiques we find one hundred and forty-nine men and 
one hundred and seventy-five women employed as personal servants, 
nearly all of whom were accused of the minor degrees of crimes against 
property. These proportions for this oceupation hold about the same 
relations from year to year, As persons so engaged are maintained 
generally by their employers, want could not have existed as a mo- 
tive for these offenses. Cupidity, or the desire to appear well, with 
the facility of its gratification, afforded by oceupation, is the probable 
motive, and, making allowance for the slight excess ef women so em- 
ployed, exists in almost equal intensity in both sexes, 

From what we know of the inadequate pay attending many of the 
employments in which women are engaged, it is safe to say that irre- 
sistible temptation is often the result. In the larger cities there are 
thousands of women, reaching from youth to advanced life, who are 
but just able to provide themselves with the necessities of life by 
labor extending over more than half of the honrs in the day. Many 
of these have others dependent upon them, which must add very much 
to the tendency to the minor forms of crime. But the tendency to 
crime arising from inadeqnate pay istwofold. It may not be sufficient 
to meet necessary bodily wants, or barely sufficient, or, as is too gen- 


1“ Rapport au Roi,” 1829, 2 Loe. cit., p. 85. 
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erally the case, it is insnflicient to supply those matters of personal 
adornment aud comforts of surrounding, small as many of them are, 
which are so necessary to contentincut. This tendeney to adornment 
either in person or surroundings must be looked at seriously as a sex- 
ual mental trait in women. They need but to reach the rudimentary 
stage of education to have developed in them esthetic tendencies, and 
which in many scem to exist innately. This feeling is also closely allied 
to that personal pride which is such a safeguard against the eneroach- 
ments of vice. This pride of person is to many a struggling woman 
what a moral atmosphere is to others. To the one it is an instinct 
which keeps her from the degradation, and that condnet which leads to 
it; to the other it is the moral force which surrounds her and lifts her 
above the opportunities for evil. Viewed in this light, personal pride, 
as expressed in the adornment of person and home, may replace the 
purely moral sense to a certain extent. But pushed beyond the point 
at which it contributes to correct conduct, and allowed to exist solely 
as a sexual trait, it may become a strong incentive to crime. There 
is no reason to doubt but it is mainly the cause which makes crimes 
agaiust property so nearly equal in the sexes among French domestics 
just alluded to. A mere desire for luxury wonld not be liable to de- 
velop in one uever at any time of life exposed to its enervating influ- 
ence, as the mass of working-women spring from parents who are 
also toilers, so that we may safely conclude that want, or a personal 
pride to appear better than others in the same station, is the most 
active canse of crime among underpaid women who have inherited 
no criminal taint, 

The massing of Jarge numbers of women at manufacturing centres 
is a circumstance from which spring many conditions which render 
the minor degrees of crime easy of commission. It is a singular fact 
that a great preponderance of numbers in one sex over the other, un- 
restrained by ties of family, and without the natural dependence of 
the different occupations and stations of life upon each other, almost 
invariably defines a locality in which the various forms of crime exist 
to excess. This has long been remarked of places in which the num- 
ber of men greatly exceeds the number of women, but little attention 
has been called to the same condition as resulting from the preponder- 
ance in numbers of the other sex. Any one who has inquired into 
the causes of the social evil must have been struck by the numbers 
who admitted they had taken the first steps of their career in the pop- 
ulous manufacturing towns where an excessive number of their own 
sex was employed. There is this marked difference: an excess in the 
number of men leads to an increase of crimes against persons, while 
an excess of women increases crimes against property, in both cases 
relatively as to sex. I see no way, in our present knowledge of the 
subject, of explaining this, other than that a healthy tone of society 
demands an even balance of the different occupations and stations, 
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and the presence of those ties of kinship which act so powerfully as 
restraints. Aside from these conditions I know of no facts which 
show that an even proportion in numbers of the sexes has a mutually 
conservative effect upon morals. 

Generally, those in whom there is no inherited criminal taint, or 
no development of the criminal habit, would not seek nor create an 
opportunity for offense. But this can hold true only as to erimes 
against property, for in the other class of offenses, revenge, jealousy, 
avarice, and other emotions, may act suddenly as the exciting cause, 

It is evident that woman’s opportunities for crime are restricted 
by her relations to society, except, as we have already seen, certain 
facilities are afforded by her occupation. The moral influence of 
woman upon society is powerful; but it is negative rather than posi- 
tive. Woman wields a sort of moral inhibitory power. Except as 
she may directly incite the other sex to crime, relationship to woman 
restrains and tones down the more salient points of the male charac- 
ter. Her lessened opportunity for crime results naturally from her 
sexual relations, Opportunity springs from the free mingling of large 
numbers in the heat, and action of life. It is the antagonism between 
interests and objects, the friction, as it were, between the rapidly-mov- 
ing actors, which brings out the intensity of emotion which results in 
the open or secret warfare of society. The vast majority of women 
are, to a certain extent, removed by the restraints not by any means 
artificial, but those which naturally result from their sexual relations, 
from the opportunity for crime. But I would limit even those re- 
straints to crimes against property, rather than against persons. 
Although the ratio is sixteen and thirty-two to one hundred for 
each of these classes respectively, yet I believe it ean be shown that 
the diminished ratio for crimes against persons depends upon other 
and more specific causes than her sexual attitude to society. Domes- 
ticity in this relation shows its potency as a conservator of morals; 
but, standing alone and unaided by mutual dependence and interest, 
its power is limited to placing each subject beyond the more elosely- 
besetting opportunities to which men are exposed. It is but neces- 
sary to call attention to the fact that it is from among female domes- 
tics and operatives that the ranks of prostitution are reeruited, in 
order to show that domesticity, which is the condition of seven- 
eighths of the female population, must, be accompanied by other 
relations in order to act as a more or less complete restraint to 
erime. I use the word here in its broadest possible sense, as defining 
the position of the majority of the sex. Great as the influence of the 
domestic relation is, it is limited by the faet that it is not permancnt. 
It is constantly exposed to those accidents to which all human rela- 
tions are liable. The passions and discordant interests find in this 
relation a field for their utmost activity. The sexual relation, which 
is founded in the passions common to us all, finds in them the ele- 
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ments of its strength and permanency, as well as its weakness. It 
is created and made lasting as life, or as brief as a summer's day, 
by one and the same organic emotion. Otherwise marriage, which 
we muy assume as the type of domesticity, would not seem of itself 
to exist as a factor in crime. As we study marriage in relation to 
crime in another part of this paper, we shall perceive some very sin- 
gular facts in which its bearings upon society are not so healthy as 
might be expected. It cannot be charged, however, to marriage, 
which is the most perfect of all human relations, but to its underlying 
weakness, the changing sexual conditions upon which it is based. It 
is safe ina broad grouping of crime to say that the emotions and pas- 
sions define offenses against persons, while those against property are 
characterized by processes of mental calenlation and deliberation. 
The last needs opportunity and temptation; the first exists every- 
where. The domestic relation affords a refuge to the one, and con- 
tains within itself the element of the other. For these reasons I be- 
lieve that the restraint afforded by domesticity must be mainly limited 
to crime against property. 

In connection with this division of our subject we are brought 
face to face with the fact that women are as capable of crime as men. 
“Jt is not the degree of crime which keeps a woman back,” says Que- 
telet.... “Since parricides and wounding of parents are more 
numerous than assassinations, which again are more frequent than 
murder, and wounds and blows generally, it is not simply weakness, 
for then the ratio for parricide and wounding of parents should be 
the same as for murder and wounding of strangers.” * 

With opportunities equal to man’s, with the way to crime made 
easy, instead of being hedged in by the limits of her occupations, 
woman may equal him in the tendency to crime. Infanticide, in 
view of the strength of woman’s maternal emotions, of the acute- 
ness of her sympathies, and the general attributes of her char- 
acter, stands alone as a crime in its relations to the sex. Consider- 
ing the violence done to emotions which are a part of her organic 
psychical life, it has no equivalent in degree in the range of crime. If 
we apply to it the theory that the degree of offense, to a certain ex- 
tent, affords a measure of the tendency to crime in the individual, 
this crime would reveal in women such a tendency greatly in excess 
of the other sex. But we must bear in mind that this crime, more 
than any other, which tends to make woman appear unduly promi- 
nent as a criminal, is a natural outgrowth of social surroundings. It 
isa marked instance of the fact that society contains within itself, 
even in its normal conditions, the moral agencies that create crime. 
Society has raised for itself a gauge of conduct, by which the alter- 
native may be presented to any woman, of either crime or disgrace, 
At the same time society has so organized itself that the chief aim 


1 Loe. cit., p. 91. 
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of every woman has been to establish a permanent relation to some 
man based upon involuntary sexual emotions. So long has this heen 
in existence, so much power has it acquired by the increment of the 
forces of heredity, that it has become an organic law of society. This 
is a factor which enters into every woman’s existence; by it her sex- 
ual life is made to exceed in intensity the intellectual, Ceaseless 
indwelling upon what every woman is taught to regard as both a 
necessity and an honor has tended to give undue force to every thing 
that relates both mentally and physically to her sexual existence. 
This is the manner in which society has made the way easy for 
woman’s sexual error. Reflecting upon this, I confess to admiration 
for a sex which in the face of these difficultics has ever maintained 
such a well-deserved reputation for purity, and shown us that man- 
kind turns instinctively to good rather than evil. Punishment is part 
of the crime, with society. To women for a sexual offense it measures 
out a punishment relentless and life-long. They are banished and 
hang on the outermost skirts of the inexorable law-giver as “ Scarlet- 
Letter” ones, for whom, in all their lives, there is no further hope. 
Prepared in this fashion for infanticide, can it be wondered at 
that the ratio for this crime is 1,320 women to100 men?’ It is clearly 
an alternative of either social banishment and a total defeat of her 
selected destiny, or an attempt to conceal her error by crime. With 
an obliteration of one set of moral feelings there must be necessarily 
a weakening of the general moral character. She is therefore pre- 
pared to violate all the emotions and consciousness which have their 
origin in the very condition, through the undue development of whieh 
she met disaster. Infanticide appears to the woman’s consciousness 
less formidable and repellent than her certain punishment by socicty. 
Her training has prepared her to place this lessened value upon the 
crime. Quetelet gives prominence to shame as an impelling motive 
to the crime. I can give it no such value. That sense of shame or 
modesty which exists as a phase of sexual cerebration in every men- 
tally healthy woman, and that induces her to guard so jealously the 
casket after the jewel has been stolen or rather bestowed, is the part 
of her mental life to which the most violence has been done by her 
social error. What the French philosopher ought to refer to, is not 
the sexual quality of shame, but a sense of degradation which is com- 
mon in an equal degree to both sexes. It is the sense that the good 
opinion of those we know, and whose esteem we value, has been for- 
feited. When we connect this sense of forfeiture with the fact that 
the interests in life which women are educated to hold most saered, 
await but detection to be lost forever, I think we have found snfii- 
cient reason why this crime, which so antagonizes all womanly quali- 
ties, should exist to such a degree as to alter nearly one-half the ratio 
of the sexes in relation to crimes which involve human life. In ana 
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lyzing the circumstances which bear upon infanticide, we are studying 
the darkest page of woman’s criminal history. It proves that under 
a sufficient motive, and with every opportunity which her peculiar 
relation to that offense gives, she demonstrates her capacity to equal 
man in both the degree and number of her criminal acts. It is, how- 
ever, an offense so characteristically entwined with her sexual life, 
and with her relations to society, that we must have a due regard for 
circumstances in contrasting it with any crime or series of crime in 
men, As already perceived, Lam disposed in this inquiry to assign 
it but one value: her disposition to entertain the criminal idea, and 
under favorable opportunity to give that idea expression. In other 
respects the crime stands alone, and can be used only in contrasting 
woman against woman, There are certain abnormal states of sexual 
cerebration connected with this offense which will more readily pre- 
sent themselves when we study the crime against socicty—the social 
evil. 

In considering the effect of married or celibate life upon women in 
relation to crime, we are beset by many difficulties in regard to data, 
The officials upon whom devolve the duty of collecting criminal statis- 
tics, have yet to learn that they deprive their labor of much of its sci- 
entific usefulness by their errors of omission. The information has 
but little value that so many male or female criminals are married or 
unmarried. A proper study of the subject requires that this informa- 
tion be given in its relation to crime as it affects persons or property, 
the age at which the criminal career began in the two classes re- 
spectively, and crime among the widowed or divorced. Nearly all 
these facts are wanting. We can, however, collect sufficient data to 
enable us to shadow forth the probable truth in regard to this im- 
portant matter. We may safely term marriage the unit of force in 
our present civilization. I have briefly called attention to its innate 
strength and weakness, which are inseparable from human mutability. 
It is easy to perceive the manner in which marriage may act as a con- 
servator of morals, and its operation as a promoter of crime is equally 
evident; but the extent of its operation in either direction is difficult 
if not impossible to measure. In the examination of the returns of 
crime for the years 1867, 1871, and 1873, in New York City,’ and 
which show great uniformity in the social condition of the sexes, we 
are met with the strange fact that the percentages of the married of 
both sexes correspond, being thirty-nine per centum ; while for males 
the percentage of the unmarried is fifty-five, and for females in the 
same social condition it is forty-two. Regarding marriage as a con- 
servator of morals in its affirmative rather than its negative relation, 
this statement places man on a level with woman; but observing fur- 
ther that the excess of male criminals is furnished from the unmarried, 


1 Table “ B,” 23d and 27th, and Table “A,” 29th, ‘‘ Annual Reports of the Prison As- 
sociation, State of New York,” 
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and that the single and married female criminals exist in nearly equal 
proportions, we can reach but one conclusion, that marriage exists as 
a restraining influence against crime more strongly among men than 
women. I think this result is opposed to the preconceived opinion of 
the majority, of the effect of marriage upon women. Marriage for 
women has ever been regarded as a preliminary condition to reform, 
This is the result of the sentimentalism which has entered into the 
solution of many social problems. Marriage is not unmixed good. 
Lecky says of it, that “beautiful affections which had before been 
latent are evoked in some particular forms of union, while other 
forms of union are particularly fitted to deaden the affections, and 
pervert the character.” * Woman’s keenly emotional nature is well 
disposed to be exalted or depraved by marriage. It seems hardly 
possible to reach the true causes of the nearly negative results of mar- 
riage upon the morality of women by a study of the character of this 
sex alone. In women, rather than men, are mirrored the lights and 
shadows of society. Mentally she is the plastic material which takes 
its form from the protean phases of life around her. She is spiritually 
the resultant of her moral atmosphere. -I believe these influences are 
niore potent in forming her character than man’s, from the nature of 
her dependent circumstances, With man’s opportunity for objective 
life, he can remove himself, partly at least, from the moral surrouna- 
ings; and by identifying himself both bodily and mentally with labor, 
which has for its object, usually, something to be attained in the 
future, he has loop-holes to escape from impressions received from 
others, which with a more subjective life would result in introspec- 
tion, by which the mind is familiarized with the criminal idea. 

From the same source we may gain additional facts as to the-nega- 
tive effect of marriage upon the morality of women. In the tables re- 
ferred to, involving in the aggregate an excess of males over females 
of about two to one, we find the number of widowed females over 
males in the same social state to be nearly double. It is impossible 
to state specifically the nature of the crimes involved ia this excess ; 
but it probably represents, in a great measure, offenses against prop- 
erty. The social condition of widowhood in the average woman is 
not conducive of morality; and yet we have already shown that act- 
ual marriage is attended with nearly negative results. From this we 
may gain an idea of the extent to which women are the victims of eir- 
cumstances at the beginning of their criminal career, The figures we 
have been analyzing represent crime in a great city. Under this con- 
dition, the excess in the number of widows represents probably cases 
of complete destitution. The fact that this excess of widows had no 
means of coping with this difficulty, except by a resort to crime against 
property, renders the conclusion safe that not only marriage had not 
developed in them a condition favorable to morality, but had actually 


! Loe. cit. vol. ii, p. 869, 


14 THE POPULAR SCIENCE MONTHLY. 


so lowered the moral tone as to render them unfit, as a class, to con- 
tend with the difficulties of life, and exhibit the same degree of moral- 
ity as the unmarried woman, Much of this result must depend upon 
the unavoidable social position of the married woman—one not at all 
calculated to test either her morality or self-reliance. The duties of 
maternity and domesticity inseparable from her position, do not fortify 
her against evil in her changed relation to society. On the contrary, 
with the burden of children upon her, in the time of need, she looks 
upon crime less as a positive than as a comparative evil. With the 
true woman, there is no chance for hesitation in the choice between 
crime in its minor forms and her maternal feelings. But the marriage 
relation has other influences in forming woman’s character as a crimi- 
nal, The intimacy of the wife with a bad husband, who, if not a 
criminal, at least may be capable of infusing lax moral notions in the 
wife, would, if she were left a widow, surely bear fruit. We need a 
more intimate knowledge of many facts in order to fully understand 
this question of widowhood im its relation to crime. It is doubtful if 
returns of crime from less densely populated places than New York 
City would furnish results at all parallel to those in relation to widows. 
The most plausible explanation I can give is, that these figures repre- 
sent cases of absolute destitution. 

There are many other relations that marriage bears to woman’s 
career as a criminal, but which are beyond the scope of a magazine- 
article. All that relates to infanticide, and the prevalence of the 
crime of the period, among the single and married, onght, I believe, in 
writings of a popular character, to be omitted, except possibly the 
grave words of warning. Upon this subject I have written all that I 
thought prudent several years ago, and to which I refer the reader.’ 
The well-known lines of Pope npon the effect of familiarity with vice, 
are certainly very true to-day. It is by a too familiar view of even 
the shadow of crime, that in certain minds the criminal idea may be 
developed. We need but abolish the mental barriers to crime to step 
from the eriminal idea to the eriminal act. 

Instinctive recoil from the eriminal idea without any mental res- 
ervation is the characteristic of moral health. It is upon the morally 
healthy minds that unfavorable social conditions may have most de- 
plorable effect. One in whom the tendency to crime exists as a latent 
mental quality, requires no social conditions for its development. 
Whatever his or her ocenpation or social condition may be, this latent 
quality is liable to assume active existence, and shape the destiny of 
the individual, There is one quality that the criminal exhibits which 
defines him as a class, and is the only trait by the existence of which 
he becomes the member of a class, This is the Hability, after the first 
outbreak, to commit repeated offenses, T find no term which expresses 


1¢The Detection of Criminal Abortion, and a Study of Feeticidal Drugs.” James 
Campbell, Boston, 1872, 
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this so well as that of the eriminal habit. Mentally and physically 
we are the victims of custom. Existence, like running streanis, has a 
tendency to find for itself fixed channels. Life as it expands seems to 
seek points of least resistance for its outlets, and in following which 
it encounters less friction to retard its flow. Iu relation to crime, this 
exists as strongly as the opiun or alcohol habit. The habit may find 
its factor in perverted moral feeling, whether hereditary or acquired, 
but its physical expression becomes the rule of life. Take such an in- 
stance as that of Ruloff, to whom Nature had given the crude mate- 
rial of a magnificent mind. In spite of the terrible potency of his 
criminal ideas, a longing for a nobler and higher life existed within 
him in sufficient force to give direction to considerable self-culture. 
Tle stole, and would kill without remorse any one who stood between 
him and his object, simply to gain money to enable him to follow his 
studies. Tis life took the direction of the least resistance. That 
which existed in the normal man as a sense of right or wrong, and 
offered itself as an obstacle to wrong-doing, had no place in this man’s 
mental life, The outgoings of his life in the direction of least resist- 
ance, simply and naturally led him to crime. Cerebral and bodily ac- 
tivities, among the good and bad alike, follow the channels in which 
they encounter the least friction, either objectively or subjectively. 
It is thus we have the parson and the thief. By inherited traits, early 
training, occupation or social condition, weak points may be created 
in the barriers which surround the activities of life, and when maturity 
is reached the individual’s existence is defined by ineffaceable lines. 
At this stage of life, efforts, made either from within or without, to 
give a new direction to these channels, come too late. Habit has been 
established which confirms the direction life has taken. These two 
forces united seem irresistible. I was, several years ago, brought in 
contact with an instance which proves this. LenaS was of German 
descent, and about fifty years old. She was of more than average in- 
telligence, and of spare, nervous temperament. Lena was an instance 
of sporadic crime, in the sense that she did not belong to a criminal 
family. She followed the specialty of shoplifting, one that requires 
great coolness and cunning. Caught in the act and arrested, her his- 
tory was brought out. She was married, and her husband was serv: 
ing out a term of imprisonment, but with whom she had not lived for 
mauy years. She wandered from city to city, following her business; 
she had been repeatedly arrested, and more than once punished, and 
every time her whereabouts was brought to the knowledge of her 
family by her arrest, attempts were made to reclaim her, but in vain. 
Sentenced to several years of imprisonment, she quickly began to 
droop. She passed sleepless nights, with quick, irritable pulse, and 
loss of appetite. She constantly brooded, and laid more than one plot 
to escape, one of which was nearly successful. Ont of about a year 
and a half of confinement, not more than a month of light labor was 
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exacted of her. Her health became so broken that, at the earnest 
solicitation of her relatives, the prison authorities took the case up, 
and secured her a pardon on condition that she left the State, and 
her relatives provided for her. But the transition from prison-life to 
the comforts of a home, and a life of ease, offered no attractions to the 
unfortunate woman, I believe she remained under the care of her 
relative—a devoted sister—but a few months, when she resumed, out 
of choice, her old mode of life, and is now serving out another sen- 
tence, 

This case shows how irresistibly the deliberate acts of life flow in 
the channel which habit and mental traits mark out for them. The bar- 
riers which society, and fear of punishment, and love, place in the way 
of a career like this of Lena S , are swept away, as it were, before 
a flood. This is the destiny of the fatalist, and the force of habit, an 
expression of the theory of least resistance, and the effects of heredity 
of the sociologist. Let us analyze the last case further, to illustrate 
the theory of least resistance, as modified by occupation and social 
condition. It presents a seeming contradiction, She moved on in 
her career of crime late in life, with her moral atmosphere charged 
with resistance to her progress, Contrasted with this was her criminal 
pupilage in early life. Her husband united pauperism and crime, and 
if originally her moral perceptions were elear—which I doubt—she 
thus found the best school to obseure these, and familiarize her with 
the criminal idea. With these faculties blunted and weakened, which 
serve to hedge in the impulses to evil, she proceeded to supply her 
wants by the method most familiar and easy. The thief looks upon 
the property of others in a peculiar way, and one that constitutes the 
essence of the crime. He believes in a sort of ownership which is 
mutual, and depends upon possession, This belief may become a 
fixed habit of mind, Originally it may have been easier to steal than 
to work, later it may become more impossible to work than to steal. 
Then came attempts at reform, made by others, with the life of ease 
and comfort, but the criminal grew wretched and drooped. There 
was but one life before her which met the demands of her nature— 
that was to wander from place to place and steal. This woman an- 
swered in no sense to the legal definition of the insane; she was not 
irresponsible for her acts, she knew their nature and the punishment 
which followed detection; but she simply did that which the most of 
us desire to do, follow the easier and pleasanter life. It has become 
the fashion of late to speak of criminals of this class as insane, but 
this theory cannot explain their irreelaimable condition. The real 
state, as it appears to me, is, that thoughts and acts move in the 
direction of least resistance. What began in this way, may be con- 
firmed by habit, so that life may wear for itself channels from which 
it is impossible that its current may be driven. 
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FLY DROIDS, 
By Mrs. 8. B. HERRICK, 


OME of the most exquisite forms of organic Nature are to be 
found in that shadowy border-land which unites rather than 
divides the animal and vegetable worlds, It is hard to believe, even 
when looking with careful serutiny at certain forms of animal life, at 


Fig. 1.—PLUMULARIA FaLcata. (Natural Size.) 


the corals, for instance, the sponges, and the hydroids, that an exist- 
ence which so closely resembles vegetation should be essentially ani- 
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mal, Each of these families of the great invertebrate kingdom has 
been bandied back and forth from the botanist to the zodlogist, and 
each has finally found its place in the animal world. 

No purely empirical knowledge is sufficient to determine, among 
the lower forns of life, to which kingdom they should be referred. It 
is only by studying facts in their relations, by patiently observing the 
life-history, aud by ascertaining the modes of nutrition and reproduc- 
tion of each form, that its true place in the organic world has been 
determined, 


Fic. 2.—D1aGRaM OF A SECTION oF HYDROID. 


It was, for many years, thought that, beyond the depth of 300 
fathoms, organic life ceased to exist in the ocean. Forbes reached this 
zero of life in the A2gean Sea, and the fact ascertained for the Medi- 
terrancan was inferred for all other seas. The transmutation of inor- 
ganic into organic matter is only performed by vegetables, and then 
only under the controlling power of light. The distinction made by 
naturalists between the lowest forms of animal and vegetable life lies 
just here: vegetables convert the inorganic elements of earth, air, 
and water, into organized matter; animals rearrange this organized 
matter into animal tissue. It is well known, as no light penetrates 
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the profounder oceanic depths, that no vegetation can exist there ; an 
absence of animal life was therefore inferred. Certain exceptions to 
this definition of vegetable life, as being exhaustive, are found in the 
Fingi, which germinate and grow in darkness, and it is believed are 
nonrished in great measure by organic matter, as well as in the curious 
‘arnivorous plants, which have of late attracted so much attention. 
This, however, does not invalidate the truth that all nutriment, im 
order to be fit for the maintenance of animal life, must pass, at least 
once, through the transmutation effected only by vegetation. 

The non-existence of life below 300 fathoms, in all the oceans of 
our globe, was strongly supported by Forbes’s investigations m the 
Mediterranean, The abyssal depths of the sea were thus determined 
by logic to be the universal empire over which reigned darkness, des- 


Fic. 3—Nurritive Bub oF TUBULARIA INDIVISA. (From Male Colony.) 


olation, and death. No investigations were made as to the facts of 
the case. Logic and a hasty generalization from inadequate knowl- 
edge were made, once again in the history of science, to do duty for 
the more laborious method of patient observation. Commerce at last 
gave the impulse to deep-sea exploration, which had before been lack- 
ing. The commercial world demanded a more speedy mode of com- 
munication from continent to continent, and the response came in the 
form of the submarine telegraph. Thousands of sonndings were 
made to determine the best position in the ocean’s bed for its suecess- 
ful laying, and thousands, again, to secure the broken end after the 
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first failure. These soundings and grapplings brought from the sea- 
depths unmistakable proof that life in many varied and exquisite 
forms existed there, far away from light and vegetation, under an 
enormous pressure of superincumbent waters; and logic retired dis- 
comfited. 

The fact that the Egean Sea is empty of life in its greatest depths 
is due to local causes. The humblest lite, in the farthest recesses of 
the ocean’s bed, is, in some of its essential features, but a sluggish 
copy of the higher types on land. Food and air are alike necessary 


Fic. 4. -Generative Bups or TUBULARIA INDIVIsA. (From Female Colony.) 


to both. The circulation of eurrents throughout the open seas bears 
nutriment and oxygen to the lowly forms of animal life which lie far 
below the level penetrated by light, or capable of supporting vegeta- 
tion. In the Mediterranean such currents are obstrueted by the high 
rocky wall which runs under the straits of Gibraltar, from Spain to 
Africa. The lowest point in this wall is 10,000 feet above some por- 
tions of the bed of the Mediterranean. The currents in this sea are 
therefore superficial, as well as the life sustained by them. 

Chemical analysis proves that the water of the open seas contains 
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both organic matter in solution and oxygen; and that this same water, 
after having passed through the bodies of these lower forms of animal 
life, is deprived of both its organic elements and its oxygen. The 
theoretic difficulty which had determined the problem of life in the 
depths of the sea was thus removed; for, given this lowest form of 
animal existence, the higher are always possible. 

The same awful cycle of life, death, decomposition, and life again, 
which is again and again repeated among the higher organisms, is 
found working itself ont as inexorably in the oceanic depths, The 
elements which are appropriated from the mighty reservoir of the 
ocean for the maintenance of the lite, are restored to it again by the 
death, of each organic being. 

The bed of the ocean, from: the tiny lakelets left by the retiring 
tide to the greatest depths ever reached by trawl and dredge, is found 
to be teeming with exqnisite forms of life. Delicate plant-like forins 
are found clinging to rocks and shells, or spreading themselves over 
the broad fronds of the algw, Every peculiarity of vegetation is 
mimicked ; graceful stems rising from tangled roots send out branches 
which bear raceme-like clusters of buds, and delicate bells whose 
beauty no words ean describe. 


Fig. 5.—Rovine Mepusa oF TUBULARIA INDIVISA. (Magnified.) 


A hundred and fifty years ago nothing was known of these beauti- 
ful hydroids. The first investigation deserving the name was made 
by Abraham Trembley. This man was born in Geneva in the year 
1700. While residing at the Hague, as tutor to the sons of Count de 
Bentinck, he made a series of remarkable observations upon the fresh- 
water hydra, The results of his observations were published first by 
Réaumur in 1742, and two years later by himself. In 1727 Peysonnel 
had paved the way for Trembley by proving the animality of the 
corals. Jussien visited the coasts of Normandy to investigate the 
coral question, after Peysonnel’s publication of his views, and there 
conclusively demonstrated the animality of Tudwaria indivisa, one 
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of the loveliest of the hydroid family. The hydroids are among the 
coral-makers, The vast beds of millepores found about the Pacific 
islands and the West Indies are the work of an animal allied to 
coryne, one of the Tubularians. The chitinous investment of the 
Sertularians also forms membranous coral of considerable size and 
great beauty. It was some time, however, after the discoveries of 
Peysonnel, Jussien, and Trembley, before the great authorities of 
the day, Réaumur and Linneus, gave in their adhesion to the animal 
theory, and stamped it as correct. Since that day some of the world’s 
greatest naturalists have made the study of the Hydroide tlicir life- 
work, and have not felt it an unworthy occupation to be the annalists 
of this humble family. 

The nomenclatnre of the hydroids is still so unsettled that we will 
avoid as much as possible the use of scientific terms in describing the 
different portions of the colonies and their respective functions, for it 
is here that naturalists differ, not in the names of the varieties. 

The hydroids measure from a few lines in height to several feet. 
Dana mentions an East Indian species which grows to the height of 
three feet; while Semper describes a gigantic Plhuwnularian, which 
forms submarine forests extending over great areas of sea-bottom, 
and growing as high as six feet. The stems, he says, sometimes 
measure an inch in diameter at the base. Tubularia indivisa grows 
to the height of about ten inches. 

The Hydroide are divided into four families: Tubularine (Figs. 3, 
4, 5,6), Campanularine (Fig. 10), Sertularine (Figs. 1, 7, 8, 9), and 
Hydrine (Fig. 12). 

Every hydroid, however greatly the species may differ in external 
form, has a certain structural plan to which it adheres in all its modi- 
fications. The general type (Fig. 2.) may be simply deseribed as an 
animal sac whose walls are composed of an inner and outer membrane. 
The outer wall corresponds to the skin, the inner to the lining of the 
stomach, in higher organisms. The simple elongated sac is not only 
the simplest form of hydroid, but is generally the earliest phase in 
the development of the more complicated forms. 

The sac (Fig. 2) sends off branching processes, ee, and cwcal 
protuberances, ¢, throughout the extent of which the inner and outer 
membrane is continnous. Sometimes large numbers of these stems 
proceed from a basal net-work, the connection between every part of 
the anima] colony being kept open through this basal reticulation, and 
the continuity of the two membranes being maintained intact. The 
basal portion, with the stems, branches, and the flower-and-fruit-like 
clusters, of this curious organism form the Aydrasoma, as it is called 
by both Huxley and Allman. 

The simple, sac-like form of the hydroid is the lowest term in a 
series which consists of an almost infinite number of terms. We find 
in this family the same orderly sequence which marks organic Nature 
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everywhere. While the ideal type is adhered to, and a morphological 
unity may be proved, yet there is an orderly and beantiful gradation, 
in which each form becomes more complicated than the form which 
precedes it. 

The clusters of buds (Fig. 4), and closed or open tlowers (Fig. 3), 
are really individual zodids, bound into an organie unity by a basal 
reticulation. With a single exception, every hydroid, at some period 
of its existence, lives this social life, being united with a number of 
other individuals into a plant-like group, and is really only one of an 
assemblage of zodids possessing a common circulatory and nutritive 
system, the individuals of which are in organic union with each other. 


Fic. §.—MEpusa or TUBULARIA INDIVISA. (After it has permanently fixed itself.) 


The zodids springing from one common base are of two kinds, 
and perform for the community two special offices. The grape-like 
clusters contain the generative elements, both ova and spermatozoa, 
while the flowers provide for the nutrition of the whole colony. 
These zodids, which each investigator names according to his peculiar 
theory of scientific nomenclature, we will call nutritive and genera- 
tive buds; the nutritive buds being destined for the preservation of 
the colony, the generative for the perpetuation of the species. The 
attached extremity of the animal in the fixed, or its equivalent in the 
free, species is called the proximal end, and the opposite extremity, 
which bears the two forms of buds, the distal end of the hydroid. 
The terms upper and lower cannot be used, because some varieties 
grow erect, while others grow in an inverted position. 

The nutritive buds consist of an open digestive sac (Fig. 2); 
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around the mouth is a series or several series of tubular offsets, ranged 
radially about the stem. The shape of these blossom-like zodids 
varies in the different species. In some varieties they are unprotected, 
while in others the tentacles may be withdrawn into a horny, cup- 
shaped sheath. The number of tentacles varies with the different 
species. The plates of Zuduluria indivisa and Hydra vulgaris show 
the tentacles expanded. The other plates give, in the magnified por- 
tions, only the chitinous sheath, into which the polyp has withdrawn 
itself. 

In the Plumularians, a branch of the Sertularian group, curious 
little enps of the horny sheath are developed. Unlike the cups which 
contain the living flower, these extensions are filled with the sarcode, 
or soft, gelatinous flesh of the animal. This sarcode, or protoplasmic 
flesh, acts like the flesh of the rhizopods and amwhie; long filamen 
tary processes are extended, just as the rhizopods improvise legs or 
arms when they need them, till sometimes the horny sheath is invested 
in this living gossamer. The function of these cups is not known. 
Allman considers them as special zodids, whose morphological differ- 
entiation from the other zoéids is carried to an extreme. Llincks be- 
lieves them to be a lower form of life, in organic union with the higher 
zooids of the hydroid colony. 

The horny sheath, which is described by earlier writers as an exere- 
tion, is by Allman considered to be rather the result of metamorphosis 
of tissue. In many varieties the stem and branches of the creature 
are slender, horny, and pipe-shaped, and the chitinons sheath is jointed 
at regular intervals, the joint being 2 mere break in the continuity of 
the chitine, not a movable hinge; while the living pulp within forms 
a continuous body, and is invested by its sheath as the pith of a 
plant is invested by its stalk, 

The generative buds are cecal offshoots from the body, the repro- 
ductive elements always developing between the inner and outer 
membrane (see Fig. 2, ¢@). They sometimes, after development, free 
themselves from the parent stem, and lead a roving life as meduse. 
In some cases the nutritive bud has its alimentary function suppressed, 
and, though not itself sexual, it is henceforth destined to produce 
sexual buds, either directly or through the medium of a non-sexual bud, 

There is, it may almost be said, no differentiation of organs among 
the hydroids. In the adult form they possess no organs of sense, and 
have no circulatory, respiratory, nor nervous systems. All the fnne- 
tions of life are performed withont the intervention of special organs. 
Voluntary motion takes place without muscles, sensibility is present 
without nerves, respiration is performed without lings, and digestion 
goes on without a true stomach. The sea-water which flows within 
and about the creature bears to it the oxygen necessary to the main- 
tenance of vital combustion, as well as the small living creatures 
and comminuted organic matter which form its food. Like the sea- 
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anemones, the lydroids reject such 
portions of their food as they do not 
assimilate throuch the mouth. In the 
fresh-water hydra an orifice lus been 
observed at the lower extremity of 
the stomach. This, however, does not 
correspond to the alimentary canal of 
higher organisins 5 it is the antlogue, 
in the simple hydra, of the rami- 
fying cavity which permits a free 
circulation throughont the compound 
group. 

A circulation las been observed 
in the varieties which possess a horny 
sheath, which is, however, very ditter- 
ent im some respects from the circula- 
tion of the blood in higher organisms. 
The somatic fluid, as it is ealled, is 
loaded with granules which, upon ini- 
croscopie examination, prove to be 
composed of disintegrated elements 
of food, of solid colored matter se- 
ereted by the walls of the somatie 
cavity, of eells detached from the liv- 
ing tissne of the aaimal, and of parti- 
cles of effete matter. The fluid seems 
to be more nearly akin to chyie, or 
ehyle, than it is to blood. There is 
perpetual motion in the somatic flnid; 
the flow will sometimes be steady for 
a while, and then a sudden reversal 
will take place in the direction of the 
current, before it has reached an ex- 
tremity. The gastric cavity is trav- 
ersed by the stream, as well as all 
portions of the hydrasoma. In some 
species the eanse of the flow has re- 
vealed itself under the microscope. 
The cavities through which the enr- 
rent moves are seen to be clothed with 
cilia—tiny lashes whose rhythmie mo- 
tion forever propels the fluid ; this cil- 
iary action is no doubt greatly aided 
by the contractility of the walls. In 
nany species the cilia, if there be any, 
are too minute for detection; but it is 
a fair provisional inference that where 
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the somatic flow is observed the like cause imay account for the like 
effect. 

The exquisite colors of the hydroids, which rival the tints of our 
loveliest flowers, are due to the colored granules secreted by the ani- 
mal and discharged into the somatic fluid. A charm is added to these 
flowers of the sea by the flashing opalescent gleams of color which 
shine out from their crystalline walls. Even the exquisite representa- 
tions of Allman, in his monograph on “The Tubularian Hydroids,” fail 
to give an idea of the beanty of form and color to be found in the real 
object. The Mydra viridis is so called from its brilliant green color, 
This green is said by Allman to be of the nature of chlorophyll, and 
to possess the power, like the chlorophyll of plants, of decomposing 
carbonic acid, assimilating the carbon, and yielding up the oxygen 
If this be true (and there is no reason to doubt it, Allman being one 
of the highest authorities), it only furnishes, in this form of animal fife, 
one more curious resemblance to vegetation, and denies one more 
tradition of its animality. 


Fic. 8.—SERTULARINA CUPRESSINA. (Magnified.) 


The most singular facts in connection with hydroid life lie in the 
variety of its modes of reproduction. It wonld almost seem as though 
every form of reproduction known in Nature had been mutely proph- 
esied in the primeval world when the fossil hydroid and trilobite lived 
side by side in the Silurian seas, 

They are generated, like plants, by buds and by artificial sections ; 
like plants, they are able, from a small fragment, to produce the whole 
organism, They, however, go farther than most plants in this power 
of reproducing lost parts; for a small fragment taken from any por- 
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tion will suffice for the production of a new individual ; a single ten- 
taele will produee a flower and stem, and finally a whole colony. A 
transverse seetion of the stem will produce a flower at the distal end, 
and a continnation of the stem, with the process by which it attaches 
itself, at the proximal end of the section. Just so far it shows orien- 
tation—that the stem has a distal and proximal end. There is no 
sign of bilaterality in most species, aud in others the indieation is so 
slight that it is hardly worthy of the name. This development ot the 
flower always at the distal, and of the stem always at the proximal, 
extremity of the section, shows conclusively that the stem grows 
both ways, and that in every segment there exists a neutral plane 
midway between both ends. 

Besides these plant-like modes of reproduetion, hydroids are gen- 
erated, like the actiniw, by spontaneous fission, a development of one 
individual into two or more by a natural vertical cleavage. 

They multiply by ova, by ovules, by independent ciliated embryos, 
like the lower invertebrates, the reptiles, and birds. Some varieties 
possess a sort of marsupial pouch, in which the undeveloped young 


Vic. 9.—PLUMULARIA FALCATA. (Magnified.) 


are retained til they attain maturity ; and, like the mammals, in some 
cases, the individual quits the parent after attaining perfect develop- 
ment. Added to all these modes of reproduetion, in which the analo- 
gy must not be pressed too closely to those of higher organisms, they 
possess two very curious modes of their own; one given by Allman 
in his monograph, the other by Carpenter in the latest edition of 
“The Microscope, and its Revelations.” The Zubularian and Cam- 
panwarian hydroids, Allman tells us, develop upon their stems bell- 
shaped meduse (Figs. 4, 5, 11), which free themselves and swim the 
adjacent waters. All free-swimming meduse have not yet been traced 
to hydroid stems; but, as all which have been carefully studied through 
their life-history are fonnd to originate there, it is supposed to he true 
of the others. 
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The most remarkable fact in regard to these meduse is, that the 
immature form shows a higher type, a greater differentiation of organs, 
than the parent hydroid. The mednsa possesses, in common with the 
parent, a digestive cavity and enidw ; and, in addition to these, an 
organ at the base of ench tentacle, which, if it does not unite within 
itself the senses of sight and hearing, at least is akin to those organs 
in the lower invertebrates. They certainly possess distinet bundles 
of muscles and nerve-ganglia, which are not found in the parent form. 
When the roving medusa has sown its wild-oats, and comes to settle 
down into a respectable family hydroid, it loses all these advantages 
belonging to its wandering life, and becomes in its later form identical 
with the parent; it returns to the privileges and traditions of its 
fathers. 


Fig. 10.—CAMPANULARIA DuMOSA. (Natural Size, and magnified.) 


The huge Rhizostoma, and the beautiful Chrysaora, common to the 
English coast, Carpenter tells us, are Geeanic medusze developed from 
asmall hydroid stem. The embryo emerges in the form of a ciliated 
ovule, resembling some of the infusoria, One end contracts, forms a 
foot and attaches itself, the other sends out four tubular offshoots, as 
tentacles, and “the central cells melt down to form the cavity of the 
stomach.” This hydra-like form multiplies in the ordinary way by 
budding, for an indefinite length of time, After a while, however, a 
change takes place, the stem shows constrictions, beginning near the 
distal end, till the whole stem looks like a rouleau of coins; the con- 
strictions deepen, making the stem look like a pile of saucer-shaped 
bodies; the disks become serrated, and finally the tentacles which 
belonged to the original medus@ disappear, and new tentacles are 
formed upon the nppermost disk of the pile. Soon this disk begins to 
show a sort of convulsive struggle which results in its freeing itself, 
and swimming away as a medusa; each disk develops in the same 
way, and in turn separates itself from the parent stem. The original 
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zodid often returns to its bydra-life and reproduces itself by budding 
in the old fashion, and finally becomes “the progenitor of a new 
colony, every member of which may in its tur bud off a pile of 
medusa-disks.” 

The bodies thus detached have all the characteristics of the fally- 
developed meduse, Each consists of an umbrella-shaped disk divided 
along its margin into lobes, generally eight in number, and of a stomach 
terminating in a probosciform mouth. As the creature grows, the 
spaces between the marginal lobes fill up; from its border long ten- 
tacles are developed, and a fringe of tendril-like filaments sprout 
forth from the margin. The young medusa eats voraciously, and 
grows proportionately large; the Chrysuora, which we have been de- 
scribing, attaining a diameter of fifteen inches, and the Rhizostoma 
sometimes reaching to three feet. These medusz are fhmiliarly known 
as sea-nettles. When they have reached full development the eenera- 
tive organs appear in four chambers arranged ronnd the stomach, and 
are contained in curious fluted membranous ribbons which hold the 
sperm-cells in the male, and ova in the female. The fertilized embryos 
repeat the same wonderful cycle just described, developing into a 
hydroid from which medusa-disks are budded off. 

The relation which late investigations have established between 
the stationary hydroids, and the medusz, forms one of the most inter- 
esting cases, yet known, of the curious phenomenon called alternate 
generation. In the majority of cases we find a non-sexnal, plant-like 
form interposed between the oviun and the directly or indirectly 
sexual form of medusa, though this 1s not always tbe case, as direct 
development has been observed from ovum to mednsa. 


The nearest approach, in the adult form, to special organs are the 
digestive cavity, and the cnide. The stomach, howéver, possesses no 
true parietal walls, and in one form—the fresh-water hydra—the stom- 
ach will do duty for the skin, and the skin for the stomach, if necessary ; 
they seem to be able to live very comfortably, and digest their food 
without difficulty when turned wrong-side outward. 

The enide are barbed filaments inclosed in tiny sacs, which they 
can shoot out at will, for their own protection, or for the capture of 
their prey, as the case may be. In the hydra the sac is ejected, and 
a central dart is projected into the body attacked. There must be a 
minute poison-sac in communication with the darts, as it is found that 
any soft-bodied victim, released from the clasp of the tentacles, is in 
variably dead, no matter how short the time of its imprisonment may 
have been. The effects of the enide in the meduse are very well 
known, and have gained for them their popular name of sea-nettles. 
Many an unlucky swimmer has found himself wrapped in the long 
thread-like filaments of these transparent, floating bells, and been 
almost maddened as he fonnd himself inextricably inclosed in what 
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secmed an invisible sheet of living fire. A tentacle of the hydroid, 
when earefully pressed between two glass slides, or in a compressorium, 
may be seen, under the microscope, to dart out thousands of these lit- 
tle barbed arrows, 


Fig. 11.—Mepusa oF CoRoMORPHA NUTANS. (Magnified.) 


Chronologically, the Hydre (Fig. 12) come first in the group 
Hydroide, for they were first carefully studied and truly classified by 
Trembley. His observations, though made in the earlier half of the 
eighteenth century, were so accurate, and his delineations so correct, 
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that be is still quoted in the latest works as authority. The hydra is 
found eeuerally in fresh water, though some few species have been 
discovered, in this country, in that which is somewhat brackish. — It 
loves still or slowly-rumning water, and attaches itself generally to 
the underside of the leaves or to the stalks of aquatic plants. Its 
body is extremely contractile, and consists, like the oceanic hydroids, 


Fig. 12.—Hypra vuncartis. (Natural Size.) 


in its earliest stage of development, of a simple elongated sac, with 
an opening which answers the purpose of a month, Around the 
mouth are a series of hollow filaments which it ean entirely withdraw, 
and it then looks like a minute tubercle. The tentacles are roughencd 
by the clusters of thread-cells, or cnidw, already described, The 
threads have been observed in some instances to be, when extended, 
as much as eight inches long, and are shot ont, it is thought, by the 
propulsive power of a Haqnid injected into the central cavity. It 
grows erect, horizontal, or inverted, as the ease may be, and lives 
only upon animal food. The little creatures are extremely voracious 
and not over-niee. Trembley observed two hydras attack, at the 
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same time, the opposite extremities of a worm. Each having swal- 
lowed its respective half of the worm, he watched to see the result. 
The worm would not yield to the force of circumstances; and break, 
and the problem looked a diffienlt one of solution. The larger hydra, 
however, proved itself superior to circumstances, it quietly swallowed 
worm, antagonist, and all; and, after having sucked out the worm, 
disgorged his dinnerless foe ! 

Trembley tried the experiment, already alluded to, of turning one 
inside out, and fastening it in that position, The domestic economy 
did not appear to be at all disturbed ; the little creature eating with 
as much relish, and digesting with as much ease, to all appearance, as 
in its normal position, He inserted one hydra within the cavity of 
another, and fastened them with a bristle which was run through both, 
Returning after a short absenee he found them strung, side by side, 
upon the bristle. He repeated the experiment and watched the 
manoeuvres of the two, The hydra inside managed to work its way 
through the small aperture made in the side of its neighbor by the 
bristle, and soon occupied the position he had before observed, side 
by side with its companion on the bristle. He then turned one of 
them inside ont, inserted it in that position, and fastened them se- 
curely together. Soon the pair, finding that there was no help for it, 
philosophically yielded, and united their fortunes; the inner one of 
the conple providing nourishment for them both. They seemed to 
live quite comfortably, on these very close terms of intimacy, for 
some time, 

Hydras generate in sammer by buds, which grow to maturity and 
are then sloughed off. These young buds often produce others before 
they separate from the parent stem, and they others again; so that 
there are sometimes twenty generations produced in a month’s time. 
In autumn oviform gemmules are extruded, lie quiescent till spring, 
and are then developed. Any number of artificial sections may be 
made, and from each a perfect animal will be developed. Wherever 
a wound or eut has been made, buds sprout more quickly than 
from the sound tissue, and the hydras generated by artificial sec 
tions are more prolific than those generated in the ordinary way. 
The sprouting, as may be seen in the plate (Fig. 12), takes place 
from any portion of the body. The leaves, flowers, and stems, of 
this specimen of Hydra vulgaris, together form the hydrasoma. 
This specimen was selected more to illustrate the plant-like character 
of the organism than for its intrinsic beanty. 

The geographical distribution of the ydroide has not yet been 
determined ; but, like other low forms of life, we find them spreading 
over vast areas of space, and extending back through uncounted ages 
of time. We have already spoken of their distribution in depth. A 
well-defined specimen was taken up in the deepest cast recorded by 
Wyville Thomson, in his “ Depths of the Sea ””—that made in the Bay 
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of Biscay, and to a depth of nearly three miles, But, though their 
existence is proved at these enormous depths, they love best the rock- 
bound pools left by the retiring tide and the shallow water which 
fringes our islands and continents; and there they probably attain 
their greatest beauty and most perfect development. 

Their distribution in time reaches back to the earliest dawnings 
of life upon our globe, The Gruptolites of the Lower and Upper 
Silurian, the Hydrotd Medusee of the Jurassic, the Lydructinea of the 
Cretaceous, Miocene, and Pliocene, the Serturella of the Pleistocene, 
and the numberless forms of the present day, are the representatives 
of this family in geologic and historic time. 

Like other humble forms of life, it shows a marvelous persistcney. 
It has lived, almost unchanged, while great dynasties of higher or- 
ganisms have one after the other risen, developed, and perished, or 
left only a few meagre representatives among the fauna of the pres- 
ent day. The fragility of their chitinous envelope and the perishable 
nature of their protoplasmic flesh would, of course, render it impos- 
sible that any full record of their existence should ever be found in 
the rocks of the primeval would, but the fragments which have, here 
and there, left their impress on the various geologic strata, show 
them to have been the contemporaries of the oldest forms of life 
which inhabited the Silurian seas, and to have quietly existed in the 
depths of those ancient waters over which the great fish and saurian 
dynasties lorded it through so many centuries, 


ORIGIN AND DEVELOPMENT OF ENGINEERING.’ 
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O those on whom the British Association confers the honor of 
presiding over its meetings the choice of a subject presents some 
difficulty. The presidents of seetions give accounts of what is new in 
their departments ; and essays on science in general, though desirable 
in the earlier years of the Association, would be less appropriate to- 
day. Past presidents have diseoursed on many subjects, on the mind 
and on things beyond the reach of mind, and I have arrived at the 
conelnsion that humbler themes will not be out of place on this occa- 
sion. I propose to say something of a profession to which my life has 
been devoted—a theme which cannot stand as high in your estimation 
as in my own, but which I have chosen because I ought to understand 
it better than any other. I propose to say something on its origin, 

its work, and kindred topics. 
' Tunes's summary of Inaugural Address at the Bristol Meeting of the British Asso- 


ciation. 
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Rapid as has been the growth of the art of the engineer during the 
last century, we must, if we would trace its origin, seek among the 
earliest evidences of civilization. When settled communities were 
few and isolated, opportunities for the interchange of knowledge were 
seanty or wanting. The slowly accumulated results of the experience 
of a community were lost on its downfall. Inventions were lost and 
found again. The art of casting bronze over iron was known to the 
Assyrians, though it has only lately been introduced into modern 
metallurgy ; and patents were granted in 1609 for processes connected 
with the manufacture of glass, which had been practised centuries be- 
fore. An inventor in the reign of Tiberius devised a method of pro- 
dueing flexible glass, but the manufactory of the artist was totally 
destroyed in order to prevent the manufacture of copper, silver, and 
gold, from becoming depreciated. 

In the long discussion which was held as to the practicability of 
making the Suez Canal, an early objection was brought against it 
that there was a difference of thirty-two and one-half feet between the 
level of the Red Sea and that of the Mediterranean, Laplace declared 
that such could not be the case, for the mean level of the sea was the 
same on all parts of the globe. Centuries before the time of Laplace 
the same objection had been raised against a project for joining the 
waters of these two seas. According to the old Greek and Roman 
historians, it was a fear of flooding Egypt with the waters of the Red 
Sea that made Darius, and in later times again Ptolemy, hesitate to 
open the canal between Suez and the Nile, Yet this canal was made 
and was in use some centuries before the time of Darius. Strabo tells 
us that the same objection, that the adjoining seas were of different 
levels, was made by his engineers to Demetrius, who wished to cut a 
eanal through the Isthmus of Corinth some two thousand years ago. 
But Strabo dismisses at once this idea of a difference of level, agree- 
ing with Archimedes that the force of gravity spreads the sea equally 
over the earth. 

When knowledge in its higher branches was confined to a few, 
those who possessed it were called upon to perform various services 
for the communities to which they belonged ; and we find mathemati- 
cians, and astronomers, painters, sculptors, and priests, called upon to 
perform the duties which now pertain to the profession of the archi- 
tect and the engineer. As soon as civilization had advanced so far as 
to admit of the accumulation of wealth and power, then kings and 
rulers sought to add to their glory while living by the erection of 
magnificent dwelling-places, and to provide for their aggrandizement 
after death by the construction of costly tombs and temples. 

The earliest buildings of stone to which we can assign a date, with 
any approach to aceuracy, are the pyramids of Ghizeh. The genius for 
dealing with large masses in building did not pass away with the 
pyramid-builders in Egypt, but their descendants continued to gain in 
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mechanical knowledge. The Romans, though they did not com- 
monly use such large stones in their own constructions, carried off the 
largest obelisks from Egypt and erected them at Rome, where more 
are now to be found than remain in Egypt. 

It has sometimes heen questioned whether the Egyptians had a 
knowledge of steel. It seems unreasonable to deny them this knowl- 
edge. Iron was known at the earliest times of which we have any 
record, It is often mentioned in the Bible, and in Homer; it is 
shown in the early paintings on the walls of the tombs at Thebes; it 
has been found in quantity in the ruined palaces of Assyria; and in 
the inscriptions of that country fetters are spoken of as having been 
made of iron, which is also so mentioned in connection with other 
metals as to lead to the supposition that it was regarded as a base 
and common metal. The quality of iron which is now made by the 
native races of Africa and India is that which is known as wrought- 
iron, Dr, Perey says the extraction of good malleable iron, directly 
from the ore, “requires a degree of skill very far inferior to that 
which is implied in the manufacture of bronze.” The supply of iron 
in India as early as the fourth and fifth centuries seems to have been 
unlimited. In the temples of Orissa iron was used in large masses as 
beams or girders in roof-work in the thirteenth century, and India 
well repaid any advantage which she may have derived from the 
early civilized communities of the West if she were the first to sup- 
ply them with iron and steel. If we look still farther to the East, 
China had probably knowledge of the use of metals as soon as India, 
and, moreover, had a boundless store of iron and coal, A great 
future is undoubtedly in store for that country; but ean the race who 
now dwell there develop its resources, or must they await the aid of 
an Aryan race? The art of extracting metals from the ore was prac- 
tised at a very carly date in this country. The Romans worked iron 
extensively in the Weald of Kent, as we assume from the large heaps 
of slag containing Roman coins which still remain there. Coaj, which 
was used for ordinary purposes in England as early as the ninth 
century, does not appear to have been largely used for iron-smelting 
until the eighteenth centnry, though a patent was granted for smelt- 
ing iron with coal in the year 1611. The use of charcoal for that pur- 
pose was not given up until the beginning of this century, since which 
period an enormous inerease in the mining and metallurgical indus- 
tries has taken place; the quantity of coal raised in the United King- 
dom in 1873 having amounted to 127,000,000 tons, and the quantity 
of pig-iron to upward of 6,500,000 tons. 

The early building energy of the world was chiefly spent on the 
erection of tombs, temples, and palaces. While in Egypt, as we have 
seen, the art of building in stone had 5,000 years ago reached the 
greatest perfection, so in Mesopotamia the art of building with brick, 
the only available material in that country, was in an equally ad- 
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vanced state some ten centuries later. The practice of building great 
pyramidal temples seems to have passed eastward to India and Bur- 
mah, where it appears in buildings of a later date, in Buddhist topes 
and pagodas; marvels of skill in masonry, and far surpassing the old 
brick mounds of Chaldea in richness of design and in workmanship. 
Egypt was probably far better irrigated in the days of the Pharaohs 
than it is now; and Lake Mceris, of whieh the remains have been ex- 
plored by M. Linant, was a reservoir made ly one of the Pharaohs, 
and supplied by the flood-waters of the Nile. It was 150 square 
miles in extent, and was retained by a bank or dam 60 yards wide 
and 10 high, which can be traced fora distance of 13 miles. This 
reservoir was capable of irrigating 1,200 square miles of country. No 
work of this class has been undertaken on so vast a scale since, even 
in these days of great works. The springs of knowledge which had 
flowed so long in Babylonia and Assyria were dried up at an early 
period; but Egypt remained the fountain-head whence knowledge 
flowed to Greece and Rome. The early constructive works of Greece, 
till about the seventh century B. c., form a strong contrast to those of 
its more prosperous days. Commonly called Pelasgian, they are more 
remarkable as engineering works than admirable as those which 
followed them were for architectural beauty. Walls of huge un- 
shapely stones—admirably fitted together, however— tunnels, and 
bridges characterize this period. In Greece, during the few and glo- 
rious centuries which followed, the oue aim in all construction was to 
please the eye, to gratify the sense of beauty; and in uo age was that 
aim more thoroughly and satisfactorily attained. 

In these days, when sanitary questions attract each year more 
attention, we may call to mind that twenty-three centuries ago the city 
of Agrigentuin possessed a system of sewers, which on account of 
their large size was thoneht worthy of mention by Diodorus. This is 
not, however, the first record of towns being drained. The well-known 
Cloaca Maxima, which formed part of the drainage system of Rome, 
was built some two centuries earlier, and great vaulted drains passed 
beneath the palace-mounds of unburnt brick at Nimrond and Baby- 
lon, and possibly we owe the preservation of many of the interesting 
remains found in the brick-mounds of Chaldea to the very elaborate 
system of pipe drainage discovered in them and described hy Loftus. 
While Pelasgian art was being superseded in Greece, the city of 
Rome was founded, in the eighth century before our era; and Etrus- 
can art in Italy, like the Pelasgian art in Greece, was slowly merged 
in that of an Aryan race. 

Tt would be impossible for me to do justice to even a small part of 
the engineering works which remain to this day as monuments of the 
skill, the energy, and ability, of the great Roman people. War, with 
all its attendant evils, has often indirectly benefited mankind. In the 
sieges which took place during the wars of Greece and Rome, the in- 
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ventive power of man was taxed to the utmost to provide machines 
for attack and defense. The ablest mathematicians and philosophers 
were pressed into the service, and helped to turn the scale in favor of 
their employers. The world has to regret the loss of more than one 
who, like Archimedes, fell slain by the soldiery while applying the 
best scientific knowledge of the day to devising means of defense 
during the siege. The necessity for roads and bridges for military 
purposes has led to their being made where the stimulus from other 
eauses was wanting; and means of eommunication and the inter- 
chanee of commodities, so essential to the prosperity of any commu- 
nity, have thus been provided. Such was the case under the Roman 
Empire. So, too, in later times, the ambition of Napoleon covered 
France and the countries subject to her with an admirable system of 
military roads. So, again, in this country, it was the rebellion of 
1745, and the want felt of roads for military purposes, which first led 
to the construction of a system eof roads in it unequaled since the 
time of the Roman occupation. And lastly, in India, in Germany, 
and in Russia, more than one example could be pointed out where in- 
dustry will be benefited by railways which have originated in mili- 
tary precautions rather than in eommercial requirements. 

But to return to Rome. Roads followed the tracks of her legions 
into the most distant provinces of the empire. Three hundred and 
seventy-two great roads are enumerated, together more than 48,000 
miles in length, according to the itinerary of Antoninus. The water- 
supply of Rome during the first century of our era would suffice for a 
population of 7,000,000, supplied at the rate at which the present pop- 
ulation of London is supplied. This water was conveyed to Rome by 
aine aqneducts; and in later years the supply was increased by the 
eonstruetion of five more aqueduets. Three of the old aqueduets have 
sufficed to supply the wants of the city in modern times, These aque- 
duets of Rome are to be numbered among her grandest engineering 
works, Time will not admit of my saying any thing about her harbor 
works and bridges, her basilicas and baths, and numerous other works 
in Europe, in Asia, and in Africa, 

In the fourth and sueceeding centuries the barbarian hordes of 
Western Asia, people who felt no wantof roads and bridges, swept 
over Europe to plunder and destroy. With the seventh century began 
the rise of the Mohammedan power, and a partial return to conditions 
apparently more favorable to the progress of industrial art, when wide- 
spread Jands were again united under the sway of powerful rulers. 
Still, few usefal works remain to mark the supremacy of the Moham- 
wmedan power at all comparable to those of the age which preceded its 
rise. 

«A great building-age began in ‘Europe im the tenth century, and 
lasted through the thirteenth. While the building of cathedrals pro- 
gressed on all sides in Europe, works of a utilitarian character, which 
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concern the engineer, did not receive such encouragement, excepting 
perhaps in Italy, In India, under the Moguls, irrigation works, for 
whieh they had a natural aptitude, were carried on during these cen- 
turies with vigor, and more than one emperor is noted for the numer- 
ous great works of this nature which he carried out. 

It is frequently easier to lead water where it is wanted than to cheek 
its irruption into places where its presence is an evil, often a disaster, 
For centuries the existence of a large part of Holland has been depend- 
ent on the skill of man, How soon he began in that country to con- 
test with the sea the possession of the land we do not know, but early 
in the twelfth century dikes were constructed to kecp back the oeean. 
To the practical knowledge acquired by the Dutch, whose method of 
carrying out hydraulic works is original and of native growth, much 
of the knowledge of the present day in embanking, and draining, and 
canalmaking, is due. While the Dutch were acquiring practical 
knowledge in dealing with water, and we in Lritain, among others, 
were benefiting by their experience, the disastrous results which en- 
sued from the inundations caused by the Italian rivers of the Alps 
gave a new importance to the science of hydraulics. Some of the 
greatest philosophers of the seventeenth century—among them Torri- 
eelli, a pupil of Gahleo—were called upon to advise and to superintend 
engineering works; nor did they confine themselves to the construc- 
tion of preventive works, but thoroughly investigated the condition 
pertaining to fluids at rest or in motion, and gave to the world a valu- 
able series of works on hydraulics and hydraulic engineering, which 
form the basis of our knowledge of these subjects at the present day. 

The impulse given to road-making in the early part of the last een- 
tury soon extended to canals, and means for facilitating locomotion 
and transport generally. Tramways were nsed in connection with 
mines at least as early as the middle of the seveuteenth century, but 
the rails were, in those days, of wood. The first iron rails are said to 
have been laid in this country as early as 1738, after which time their 
use was gradually extended, until it became general in mining districts, 
By the beginning of this century the great ports of England were con- 
nected by a system of canals; and new harbor-works became neces- 
sary, and were provided to accommodate the increase of commerce 
and trade, which improved means of internal transport had rendered 
possible, But it was not until the steam-engine, improved and almost 
created by the illustrious Watt, became such 2 potent instrument, that 
engineering works to the extent they have since been carried out be- 
came possible or necessary. But, while Watt had gained a world-wide, 
well-earned fame, the names of those men who have provided the 
machines to utilize the energies of the steam-cengine are tco often for- 
gotten, Of their inventions the majority of mankind know little. 
They worked silently at home, in the mill, or in the factory, observed 
by few. Indeed, in most cases these silent workers had no wish to 
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expose their work to public gaze. Ilow long in the silent night the 
inventors of these machines sat and pondered ; how often they had tu 
cast aside some long-songht mechanical movement and seek another 
and better arrangement of parts, none but themselves conld ever 
know. They were unseen workers, who succeeded by rare genins, 
long patience, and indomitable perseverance. 

More ingenuity and creative mechanical genius is perhaps dis- 
played in machines used for the manufacture of textile fabries than 
by those used in any other industry. It was not until late in histori- 
cal times that the manufacture of such fabrics became established on 
a large seale in Europe, Linen was worn by the old Egyptians, and 
some of their linen mummy-cloths surpass in fineness any linen fabries 
made in later days. The Babylonians wore Imen also and wool, and 
obtained a wide-spread fame for skill in workmanship and beauty in 
design. In this country wool long formed the staple for clothing. 
Silk was the first rival, but its costliness placed it beyond the reach 
of the many. To introduce a new material or improved machine into 
this or other countries a century or more ago was no light undertaking. 
Inventors and would-be benefactors alike ran the risk of loss of Hfe. 
Loud was the outcry made in the early part of the eighteenth century 
against the introduction of Indian cottons and Dutch calicoes. Until 
1738, in which year the improvements in spinning-machinery were 
begun, each thread of worsted or ecotton-wool had been spun between 
the fingers, in this and all other conntries. Wyatt, in 1788, invented 
spinning by rollers instead of fingers, and his invention was further 
improved by Arkwright. In 1770 Hargreaves invented the spinning- 
jenny, and Crompton the mule in 1775, a machine which combined the 
advantages of the frames of both Hargreaves and Arkwright. In less 
than a century after the first invention by Wyatt, double mules were 
working in Manchester with over 2,000 spindles. Improvements in 
machines for weaving were begun at an earlier date. In 1579 a 
ribbon-loom is said to have been invented at Dantzic, by which from 
four to six pieces conld be woven at one time, but the machine was 
destroyed and the inventor lost his life. In 1800 Jaequard’s most 
ingenious invention was brought into use, which, by a simple mechani- 
cal operation, determines the movements of the threads which form 
the pattern in weaving. But the greatest improvement in the art of 
weaving was wrought by Cartwright’s discovery of the power-loom, 
which led eventually to the substitution of steam for manual labor, 
and enabled a boy with a steam-loom to do fifteen times the work of 
aman witha hand-loom. For complex ingennity few machines will 
compare with those used in the manufacture of lace and bobbin net. 
Hammond, in 1768, attempted to adapt the stocking-frame to this 
manufacture, which had hitherto heen conducted by hand. It re- 
mained for John Heathcoat to complete the adaptation in 1809, and to 
revolutionize this branch of industry, reducing the cost of its produce 
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to one-fortieth of what the cost had been before Heathcoat’s improve- 
ments were effected. Time wonld fail me if F were to attempt to 
enumerate one tithe of these rare combinations of mechanieal skill; 
and, indeed, no one will ever appreciate the labor and supreme mental 
effort required for their construction who has not himself seen them 
and their wondrous achievements. 

Steamboats, the electric telegraph, and railways, are more within 
the cognizance of the world at large, and the progress that has been 
made in them in little more than one generation is better known and 
appreciated. It is not more than forty years since one of our scientific 
men, and an able one too, declared at a meeting of this Association 
that no steamboat would ever cross the Atlantic; founding his state- 
ment on the impracticability, in his view, of a steamboat earrying 
suflicient coal, protitably, I presume, for the voyage. Like most impor- 
tant inventions, that of the steamrboat was a long time in assuming & 
form capable of being profitably utilized, and, even when it had as- 
sumed such a form, the objections of commereial and scientific men 
had still to be overcome. The increase in the number of steamboats 
since the time when the Sirius first crossed the Atlantic has been very 
great. Whereas in 1814 the United Kingdom only possessed two 
steam-vessels, of together 456 tons burden, in 1872 there were on the 
register of the United Kingdom 3,662 steam-vessels, of which the 
registered tonnage amounted to over a million and a half of tons, or 
to nearly half the whole steam tonnage of the world, which did not at 
that time greatly exceed three million tons. As the number of steam- 
boats has largely increased, so also gradually had their size increased 
until it culminated in the hands of Brunel in the Great Eastern. A 
triumph of engineering skill in ship-building, the Great Eastern has 
not been commercially so successful. In this, as in many other engi- 
neering problems, the question is not how large a thing can be made, 
but how large, having regard to other circumstances, it is proper at 
the time to make it. 

A distincuished member of this Association, Mr. Froude, has now 
for some years devoted himself to investigations carried on with a 
view to ascertain the form of vessel which will offer the least resist- 
ance to the water through which it must pass. So many of us in 
these days are ealled upon to make journeys by sea as well as by land 
that we can welt appreciate the value of Mr. Froude’s labors, so far as 
they tend to curtail the time which we must spend on our ocean-jour- 
neys; and we should all feel grateful to him if from another branch of 
his investigations, which relates to the rolling of ships, it would result 
that the movement in passenger-vessels could be reduced. 

There is no more remarkable instance of the rapid utilization of 
what was at first regarded as a mere scientific idea than the adoption 
and extension of the elcetrie telegraph. Those who read Odier’s letter 
written in 1773,in which he made known his idea of a telegraph which 
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would enable the inhabitants of Europe to converse with the Great 
Mogul little thought that in less than a century a conversation be- 
tween persons at points so far distant would be possible. Still less 
did those, who saw in the following year messages sent from one room 
to another by Lesage in the presence of Frederick of Prussia, realize 
that they had before them the germ of one of the most extraordinary 
inventions among the many that will render this century famous. 
should weary you were I to follow the slow steps by which the electric 
telegraph of to-day was brought to its present state of eflicieney 5 but 
yet within how short a period of time has all the wonderful progress 
been achieved! How incredulous the world a few years ago would 
have been if then told of the marvels which in so short a space of time 
were to be accomplished by its agency! It is not long ago—1823— 
that Mr. (now Sir Francis) Ronald, one of the early pioneers in this field 
of science, published a description of an electric telegraph, He com- 
municated his views to Lord Melville, and that nobleman was obliging 
enough to reply that the subject should be inquired into; but before 
the nature of Sir Francis Ronald’s suggestions could be known, except 
to a few, that gentleman received a reply from Mr. Barrow that “ tele- 
graphs of any kind were then wholly unnecessary, and that no other 
than the one then in use would be adopted;” the one then in use 
being the old semaphore, which, crowning the tops of hills between 
London and Portsmouth, seemed perfection to the Admiralty of that 
day. The telegraphic system of the world comprises almost a com- 
plete girdle round the earth; and it ts probable that the missing link 
will be supplied by a cable between San Francisco, in California, and 
Yokohama, in Japan. How resolute and conrageous those who en- 
gaged in submarine telegraphy have been will appear from the fact 
that, though we have now 50,000 miles of cable in use, to get at this 
result nearly 70,000 miles were constructed and laid, 

Of railways the progress has been enormous; but I do not know 
that in a scientific point of view a railway is so marvelous in its 
character as the electric telegraph. The results, however, of the con- 
struction and use of railways are more extensive and wide spread, and 
their utility and convenience brought home to a larger portion of man- 
kind. The British Association is peripatetic, and without railways its 
meetings, if held at all, would, I fear, be greatly reduced in numbers, 
Moreover, you have all an interest in them; you all demand to be ear- 
ried safely, and you insist on being carried fast. I shall not enter on 
a history of the struggles which preceded the opening of the first rail- 
way. They were brought to a successful-issue by the determination 
of a few able and far-seeing men. The names of Thomas Gray and 
Joseph Sandars, of William James and Edward Pease, should always 
be remembered in connection with the early history of railways, for 
it was they who first made the nation familiar with the idea, There 
is no fear that the name of Stephenson will be forgotten, whose prac- 
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tical genius made the realization of the idea possible. Railways add 
enormously to the national wealth. More than twenty-five years ago 
it was proved, to the satisfaction of a committee of the Honse of Com- 
mons, that the Lancashire & Yorkshire Railway effeeted a saving to 
the public using the railway of more than the whole amount of the 
dividend which was received by the proprietors, These caleulations 
were based solely on the amount of traffic carried by the railway aud 
on the ditference between the railway rate of charge and the charges 
by the modes of conveyance anterior to railways, No eredit what- 
ever was taken for the saving of time, thongh in England preémi- 
nently time is money. Considering that railway charges on many 
items have been considerably reduecd since that day, it may be safely 
assumed that the railways in the British Islands now produce, or 
rather save to the nation, a much larger sum annually than the gross 
amount of all the dividends payable to the proprietors, without at all 
taking into account the benefit arising from the saving in time. The 
benefits under that head defy caleulation, and cannot with any ac- 
eurazy be put into money; but it would not be at all over-estimating 
this qnestion to say that in time aud money the nation gains at least 
what is equivalent to ten per cent. on all the capital expended on rail- 
ways. It follows that, whenever a railway can be made at a cost to 
yield the ordinary interest of money, it is in the national interest that 
it should be made. Further, that, though its cost might be such as to 
leave a smaller dividend than that to its proprietors, the loss of wealth 
to so small a section of the community will be more than supplemented 
by the national gain, and therefore there may le cases where a gov- 
ernment may wisely contribute in some form to undertakings which, 
without such aid, would fail to obtain the necessary support. And 
so some countries—Russia, for instanee—to which improved meaus of 
transport are of yital importance, have wisely, in my opinion, caused 
tines to be made which, having regard to their own expenditure and 
reecipts, would be unprofitable works, but in a national point of view 
are or specdily will be highly advantageons, 

A question more important probably in the eyes of many—safety 
of railway-traveling—may not be inappropriate. At all events, it is 
well that the elements on which it depends should be clearly under- 
stood. It will be thought that longer experience in the management 
of railways should go to insure greater safety, but there are other ele- 
ments of the question which go to counteract this in some degree, 
The safety of railway-traveling depends on the perfection of the ma- 
chine in all its parts, including the whole railway, with its movable 
plant, in that term; it depends also on the nature and quantity of 
traftie; and, lastly, on human care and attention. With regard to 
what is huinan, it may be said that so many of these accidents as arise 
from the fallibility of men will never be climinated until the race be 
improved, he liability to accident will also increase with the speed, 
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and might be reduced by slackening that speed. It increases with 
the extent and variety of the traffic on the same line. The public, I 
fear, will rather run the risk than consent to be carried at a slower 
rate. The increase in extent and yariety of traffic is not likely to re- 
ceive any diminution; on the contrary, it is certaiu to augment. I 
should be sorry to say that human care may not do something, and } 
am not among those who object to appeals through the press and 
otherwise to railway companies, though sometimes perhaps they may 
appear in an unreasonable form. I see no harm im men being urged 
in every way to do their utmost in a matter so vital to many, It is 
practicable, by certain corrections of the official returns, to make some 
sort of comparison between the accidents in the earlicr days of onr 
own railways and the accidents occurring at a later date. I have 
endeavored to make these corrections, and [ believe the results arrived 
at may be taken as fairly aceurate. From the figures it appears that 
the passenger mileage has doubled between 1861 and 1873; and at 
the rate of increase between 1870 and 1873 it would become donble 
what it was in 1873 in twelve years from that time—namely, in 1885. 
The number of passengers has doubled between 1864 and 1873, and at 
the rate of inerease between 1870 and 1873 it would become double 
what it was in 1878 in eleven and a half years, or in 1885. Supposing 
no improvement had been effected in the working of railway-traffic, 
the increase of accidents should have borne some proportion to the 
passenger mileage, multiplied by the proportion between the train 
mileage and the length of line open, as the number of trains passing 
over the same line of rails wonld tend to multiply accidents in an in- 
creasing proportion, especially where the trains run at different speeds, 
The number of accidents varies considerably from year to year, but, 
taking two averaves of ten years each, it appears that the proportion 
of deaths of passengers from causes beyond their control to passenger 
miles traveled in the ten years ending December 31, 1873, was only 
two-thirds of the same proportion in the ten years ending December 
31,1861. The limit of improvements will probably be reached before 
long, aud the increase of accidents will depend on the increase of 
trattic, together with the increased frequeucy of trains. Up to the 
present time the improvements appear to have kept pace with the in- 
crease of traffic and of speed, as the slight inerease in the proportion 
of railway accidents to passenger miles is probably chiefly due to a 
larger number of trifling bruises being reported now than formerly. 
I believe it was a former president of the Board of Trade who said to 
an alarmed deputation, who waited upon him on the subject of railway 
traveling, that he thought he was safer in a railway-carriage than 
anywhere else. [fhe gave any such opinion, he was not far wrong, as 
is sufficiently evident when it can be said that there is only one pas- 
senger injured in every four million miles traveled, or that, on an 
average, a person may travel 100,000 miles each year for forty years, 
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and the chances be slightly in his favor of his not receiving the slight- 
est Injury. 

A pressing subject of the present time is the ceonomy of fuel. 
Members of the British Association have not neglected this momentons 
question. Many cases of waste arise from the existenee of old and ob- 
solete machines, of bad forms of furnaces, of wasteful grates, existing 
in most dwelling-houses ; and these are not to be remedied at once, for 
not every one can afford, however desirable it might be, to cast away 
the old and adopt the new. In looking uneasily to the future supply 
and eost of fuel, it is, however, something to know what may be done 
even with the application of our present knowledge ; and, could we ap- 
ply it universally to-day, all that is neeessary for trade and comfort 
could probably be as well provided for by one-half the present con- 
sumption of fuel; and it behooves those who are beginning to build 
new mills, new furnaces, new steamboats, or new houses, to act as 
though the price of coal which obtained two years ago had been the 
normal and not the abnormal price. 

There was in early years a battle of the gauges, and there is now 
aecontest about guns; but your time will not permit me to say much 
on their manufacture. Here, again, the progress made in a few years 
has been enormous, and in contributing to it, two men—Sir William 
Armstrong and Sir Joseph Whitworth, both civil engineers—in this 
country, at all events, deservedly stand foremost. Doeks and harbors 
Thave no time to mention, for it is time this long and, I fear, tedious 
address should close, 

“Whence and whither ” is the aphorism which leads us away from 
present and plainer objects to those which are more distant and ob- 
seure; whether we look backward or forward our vision is speedily 
arrested by an impenetrable veil, On the subject I have chosen you 
will probably think IT have traveled backward far enough. I have 
dealt to some extent with the present. The retrospect, however, may 
be useful to show what great works were done in former ages, Some 
things have been better done than in those earlier times, but not all. 
In what we ehoose to call the ideal we do not surpass the ancients. 
Poets and painters and sculptors were as great iu former times as now; 
so, probably, were the mathematicians. In what depends on the ac- 
cumulation of experience we ought to excel our forerunners. Engi- 
neering depends largely on experience; nevertheless, in future times 
whenever difficultics shall arise, or works have to be accomplished for 
which there is no precedent, he who has to perform the duty may step 
forth from any of the walks of life, as engineers have not unfrequently 
hitherto done. The marvelous progress of the last two generations 
should make every one eautious of predicting the future. Of engineer- 
ing works it may be said that their practicability or impracticability is 
often determined by other clements than the inherent difficulty in the 
works themselves. Greater works than any yet achieved remain to be 
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accomplished—not, perhaps, yet awhile. Society may uot yet require 
them; the world could not at present afford to pay for them, The pro- 
gress of engineering works, if we consider it, and the expenditure upon 
them, has already in our time been prodigious, One hundred and sixty 
thousand miles of railway alone, put into figures at £20,000 a mile, 
amounts to £3,200,000,000 sterling ; add 400,000 imiles of telegraph at 
£100 a mile, and £100,000,000 more for sea-cannls, docks, harbors, 
water and sanitary works constructed in the same period, and we get 
the enormous sum of £3,340,000,000 sterling expended in one genera- 
tion and a half on what inay undoubtedly be called useful works. The 
wealth of nations may be impaired by expenditure on luxuries and 
war; it cannot be diminished by expenditure on works like these. 

As to the future, we know we cannot create a foree; we can, and 
no doubt shall, greatly improve the application of those with which 
we are acquainted, What we called inventions can do no more than 
this, yet how much every day is being done by new machines and in- 
struments! The telescope extended our vision to distant worlds, 
The spectroscope has far outstripped that instrument, by extending 
our powers of analysis to regions as remote. Pustal deliveries were 
and are great and able organizations, but what are they to the tele- 
griph? Need we try to extend our vision into futurity farther? Our 
present knowledge, compared with what is nuknown even in physics, 
is infinitesimal. We may never discover a new force—yet, who can 
tell? 


INSECTIVOROUS PLANTS. 
By E. R. LELAND. 


MM” amateur botanists have in the course of their walks come 
upon the peculiar leaves of the common sundew (Drosera ro- 
tundifolia), with the clear drops which the leaves bear elistening in 
the morning sun, and, on referring to their manuals, have noted the 
relationship which it bears to Venus’s fly-trap (Dionwa muscipula), 
whose famous irritability is always a matter for mention. 

In colleeting the showy side-saddle-flower (Sarracenia purpurec), 
they have, of course, observed that its curious, trampet-shaped leaves 
are usually half-filled with water and drowned insects. 

In fishing from the stagnant pools, the inconspicuous, yellow blos- 
soms, and rootless capillary leaves of the bladderwort (Uétricularia 
vulgaris), they have doubtless noticed how they swarmed with insects 
and small crustaceans; and have accepted, with that unhesitating faith 
which our whole system of education begets and fosters, the statement 
that the little bladders are filled with air, and that their function is to 
float the plant at the time of flowering. 
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Possibly they may have noticed that the sticky leaves of the but- 
terwort (Pinguieuwa vulgaris) are sometimes strongly incurved. 

If, observing these matters, they have given them but a passing 
thought ; have failed to see the relation, or apprehend the motives of 
the phenomena; and are surprised some day by learning that they 
point to one of the most wonderful discoveries of modern biclogy— 
they need reproach themselves with no exceptional heedlessness or ob- 
tuseness, for they have the illustrious company of most of the famous 
botanists from Linneus down to those of the present generation, 

Some attention has recently been called to the carnivorous habits 
of what Dr. Hooker calls “our brother-organisms—plants,” by the 
appearance in different scientific periodicals of some brief note, or 
paper, by occasional observers; and more generally by Prof. Gray’s 
papers which appeared in the Nation, April, 1874, pp. 216, 232, in 
which he announced some of the facts that had been communicated 
by Mr. Darwin and others. Some of these statements must, it should 
be said, be modified in the light of later observations. 

It has turned out, as so often it does, that some of the more obvious 
observations and conelusions were made and drawn long ago, and 
recorded only to be overlooked and forgotten. The subject has a his- 
tory running back a century or more. It is of more than common in- 
terest, and has been well told by Dr, Joseph Hooker, in his address to 
the department of Zoblogy and Botany, British Association, Belfast, 
Ancust, 1874. Much condensed, it is as follows: 

Dionea,—Anhout 1768, Ellis, a well-known English naturalist, 
sent to Linneus a drawing of a plant, to which he gave the poetical 
name of Dionea, “The plant,” wrote Ellis, “shows that Nature may 
have some views toward its nourishment in forming the upper joint 
of its leaf like a machine to catch food; upon the middle of this lies 
the bait for the unhappy insect that becomes its prey. Many minute 
red glands that cover its surface tempt the animal to taste them; and, 
the instant these tender parts are irritated by its feet, the two lobes 
rise up, grasp it fast, lock the rows of spines together, and squeeze it 
to death. And further, lest the strong efforts for life in the creature, 
just taken, should serve to disengage it, three small spines are fixed 
near the middle of each lobe, among the glands, that effectually put 
an end to its struggles. Nor do the lobes ever open again while the 
dead animal continues there. It is nevertheless certain that the plant 
eannot distingnish an animal from a vegetable or mineral substance ; 
for, if we introduce a straw or pin between the lobes, it will grasp it 
fully as fast as if it were an insect.” 

This account, substantially correct, but erroneous in some partieu- 
lars, led Linnexus to declare that, though he had seen and examined 
no small number of plants, he had never met with so wonderful a 
phenomenon. He was, however, too sagacious to accept Ellis’s account 
of the coup-de-grdce which the insects received from the three stiff 


INSECTIVOROUS PLANTS, 47 


hairs in the centre of each lobe of the leaf! He was also unable to 
bring himself to believe that Nature intended the plant “to rveeive 
some nourishment from the animals it seizes,” and he accordingly de- 
celared that, as soon as the insects ceased to struggle, the leaf opened 
and let them go, Ile only saw in these wonderful actions an extreme 
ease of sensitiveness in the leaves; and he consequently regarded the 
capture of the disturbing insects as merely accidental, and of no im- 
portanee to the plant. 

Linneus’s authority eaused his statements to be faithfully eopied 
from book to book. 

Sixty years after Liunzeus wrote, an able botanist, the Rev. Dr. M. 
A. Curtis (who died in 1872), lived at Wilmington, North Carolina, 
the headquarters of this very local plant. In 1834 he published an 
acconnt of it in the Boston Journal of Natural History, which is a 
model of aceurate seientifie observation. [He said: “Each half of the 
leaf is a little concave on the inner side, where there are placed three 
delicate, hair-like organs, in such order that an inseet can hardly 
traverse it without interfering with one of them, when the two sides 
suddenly collapse, and inclose the prey, with a foree surpassing an 
inseet’s efforts to escape. The tringes of hairs on the opposite sides 
of a leaf interlace like the fingers of two hands elasped together. The 
sensitiveness resides only in these hair-like processes on the inside, as 
the leaf may be touched or pressed in another part without sensible 
effects. The little prisoner is not erushed and suddenly destroyed, for 
I have often liberated captive flies and spiders which sped away as 
fast as fear or joy could earry them. At other times, I have found 
them enveloped in a fluid of mucilaginous consistenee whieh seenis to 
act as a solvent, the insects being more or less consumed init. This 
cirenmstance has suggested the possibility of their being made sub- 
servient to the nourishment of the plant through an apparatus of ab- 
sorbent vessels in the leaves.” 

To Ellis belongs the eredit of divining the purpose of the capture 
of insects by the Dioneuw. But Curtis made out the details of mechan- 
ism by ascertaining the seat of the sensitiveness of the leaves; and he 
also pointed out that the secretion was not a lure exuded before the 
capture, but a true digestive fluid poured out like our own gastric 
juice after the ingestion of food. (Prof. Gray quotes Dr. Cartis’s 
observations on the Dionca in his “ Genera of the Plants of the United 
States,” vol. i, p.196, 1849, without comment; and his plate of the 
plant does not show any of the important sensitive spines.) 

The investigation of this eurious question again rested until 1868, 
when it was taken up by Mr. Canby, who was then staying in the 
Dionwa district. He found that the leaf had the power of dissolving 
animal matter, and that small pieces of beef that were fed to it were 
completely dissolved and absorbed; the leaf opening again with a dry 
surface and ready for another meal, though with an appetite somewhat 
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jaded, Tt not only could be surfeited, but it suffered from indigestion ; 
and a meal of cheese disagreed with the leaves so sertously as finally 
to kill them, 

Finally, Dr. Burdon-Sanderson has made an important contribution 
to this investigation, by demonstrating the correspondence between 
the electrical phenomena which accompany musenlar action and those 
which are associated with the closing of the Dionwa-leaf. He has 
shown that, not alone in the electrical but in strnetural changes which 
ensue, the resemblance is complete between the contraction of muscle 
and that of the leaf; and, the further the inquiry is pursned, the more 
striking does the resenrblance appear, 

Drosera.—Unlike the preceding genus, which is confined to a sin- 
gle district, the snndews are widely distributed. The fact that they 
are closely related to the Dionwa was little known when the curious 
habits, which are now attracting so much attention, were first dis- 
covered, 

Mr. Gardom, a Derbyshire botanist, gives an account of what his 
friend Mr. Whateley, an eminent London surgeon, made out in 1780: 
“On inspecting some of the contracted leaves we observed a small 
insect very closely imprisoned therein, which occasioned some aston- 
ishment as to how it happened to get into so confined a sitnation. 
Afterward, on Mr. Whateley’s centrically pressing with a pin other 
leaves yet in their natural and unexpanded form, we observed a 
remarkably sudden and elastic spring of the leaves, so as to become 
inverted upward, and, as it were, encircling the pin, which evideutly 
showed the method by which the fly came into its embarrassing 
situation.” 

This acconnt, which is erroneous in representing the movement of 
the hairs as much more rapid than it really is, must have been written 
from memory. 

In July of the preceding year (though the account was not pub- 
lished till two years afterward), Roth, in Germany, had remarked, in 
Drosera rotundifolia and longifolia, that “many leaves were folded 
together from the point toward the base, and that all the hairs were 
bent like a bow.” Upon opening these leaves, he says: “IT found in 
each a dead insect ; hence | imagined that this plant, which has some 
resemblance to the Dioncea muscipula, might also have a similar mov- 
ing power. . . . With a pair of pliers I placed an ant upon the middle 
of the leaf of D. rotundifolia. The ant endeavored to escape, but 
was held fast by the clammy juice at the points of the hairs, which 
was drawn out by its feet into fine threads. In some minutes, the 
short bairs on the disk of the leaf began to bend, and in some hours 
the end of the leaf was so bent inward as to touch the base. The 
ant died in fifteen minutes, which was before all the hairs had bent 
themselves.” 

These facts, established nearly a century ago, by the testimony 
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of independent observers, have up to the present time been almost 
ignored. 

More recently, however, they have been repeatedly verified: in 
Germany, by Nilschke, in 1860; in this country by L. A. Millington, 
a correspondent of the American Nuturalist, April, 1868; by Mrs. 
Treat, of New Jersey, American Journal of Science, November, 1871, 
and American Nuturalist, December, 1873; by Mr. A. W. Bennett, at 
the meeting of the British Association for the Advancement of Science, 
1873. 

It is noticeable that all of these observers unite in reporting one 
erroneous conclusion, namely, that the movements do not result when 
inorganic substances are placed upon the leaves, Darwin’s experi- 
ments show that although the effect is not so great and the substances 
are not so long detained, yet such bodies as )its of cinder do possess 
the power of irritation, 

Mrs. Treat also reported that, when a living fly was pinned at a 
distance of half an inch from the leaves of the D. filiforniis, the leaves 
bent toward it and reached it in an hour and twenty minutes. Mr. 
Darwin was not only unable to obtain any similar results, but, to 
admit that this motion was any thing other than an accident, would 
compel him to adopt some other theory than the one he now holds to 
aceount for the transmission of the impulse to motion. 

Reference may here be made to a remarkable statement in a note 
of M. Ziegler to the Paris Academy of Sciences, in 1872. He says: 
“In studying these remarkable plants, I noticed that all the albumi- 
noid animal substances, if held for a moment between the fingers, 
acquired the property of making the hatrs of the Drosera contract. I 
also observed that such substances, when they had not been in contact 
with a living animal, had no visible action on the hairs. This shows 
that the simple contact of the fingers communicates to inert animal 
substances a property which they did not possess befure.”  Re- 
peated experiments, in which every precaution was taken by Mr, 
Darwin, seem effectually to negative this extraordinary belicf of M. 
Ziegler. 

This, then, is a brief review of the subject up to the recent publi- 
cation of Mr. Darwin’s book upon it. It has for some time been known, 
to all who have followed the question, that he was engaged in re- 
searches that would one day be published, and they have been waiting 
for them with eager interest. With charactcristic patience and cau- 
tion, it is only after fifteen years of careful investigation that he puts 
forth the results of the long series of observations. As one reads the 
book, the most vivid impression made is by the wonderful amount of 
painstaking labor that the record of the experiments shows. Like the 
artist of Kouroo, he seems to have said to himself: “Time is an ingre- 
dient that enters into no perfect work ; and my work shall be pertcet 
in all respects, though I should do nothing else in my life.” And, lo! 
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while the task which he set to himself was to answer the question, 
“Why the Drosera caught such numbers of insects,” the result has 
been the most valuable contrilution to botanical literature which this 
age has seen. Competent critics pronounce it more important than 
his works on the “Fertilization of Orchids,” and the ‘“ Movements 
and Iabits of Climbing Plants; ” and in scientific research there is, for 
Mr. Darwin, no higher standard of comparison than to compare him 
with himself. 

The greater part of the book is given to the record of observa- 
tions on the phenomena shown by Mrosera rotundifolia. This well- 
known plant bears from two or three to five or six leaves, generally 
extended more or less horizontally, but sometimes extending vertically 
upward. The shape and general appearance are shown, as seen from 
above, in Fig. 1: 


Fio. 1.—DxoseRa ROTUNDIFOLIA.—Leaf view ed from above; enlarged four times. 


The leaves are commonly a little broader than long; the whole 
upper surface being covered with gland-bearing filaments, or tenta- 
eles, as Mr. Darwin calls them, from their manner of acting. 

A tentacle consists of a thin, straight, hair-like pedicel, carrying 
a gland on the summit. Each gland is surrounded by a large drop 
of extremely viscid secretion; they average about two hundred on 
each leaf, and as they glitter in the morning sun have given to the 
plant its poetical name. The tentacles on the central part of the 
leaf are short and stand upright, and their pedicels are green. Tow- 
ard the margin they become longer and longer and more inclined 
outward, with their pedicels of a purple color. Those on the extreme 
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margin project in the same plane with the leaf, or more commonly 
(see Fig. 2) are considerably reflexed., 

If a small object be placed on the glands in the centre of the leaf, 
a motor impulse is transmitted ta the marginal tentacles. The nearer 
ones are first affected, and then those farther off, until at last all are 
slowly but unerringly inflected, and close over the object. This takes 


place in from one to five or more hours; the difference in time de- 


oN 
Fig. 2.—Drosera ROTUNDIFOLIA.—Old leaf viewed laterally ; enlarged about five times. 


pending ou several cireumstances, as the size of the object and its 
nature; on the vigor and age of the leaf; whether it has lately been 
in action; and the temperature. 

The tentacles in the centre do not become inflected when directly 
excited, thongh they are capable of inflection if exeited by a motor 
impulse from other glands; but through and from them the motor 
impulse spreads gradually on all sides. Such is not the ease with the 
marginal tentacles, Ifa bit of meat be placed on one of these it 
quickly transmits an impulse to its own bending portion, but never 
to those adjoining (see Fig. 5), for these ure never affected until the 
meat has been carried to the central glands, which then radiate their 
conjoined impulse on all sides. 

The sensitiveness of the leaves is located in the glands together 
with the immediately underlying cells of the tentacles. Thongh it is 
necessary that the glands should be touched, it is wonderful how 
slight a pressure will suffice. .A bit of human hair J, of an inch in 
length and weighing only zg445 of a grain will induce motion, trans- 
mit a motor impulse through the whole length of a marginal ten- 
tacle, and cause it to sweep through an angle of 180° or more. This 
minute morsel, it inust be borne in mind, rests upon and is supported 
by the dense, viscid fluid which surrounds the gland, and the pressure 
is thus rendered inconceivably slight. Mr. Darwin conjectures that 
it may be less than the millionth of a grain, While the pressure 
may be extremely slight, it needs must be steady. A sharp, sudden 
brush of the tentacles does not induce inflection, nor do drops of 
water falling upon the glands from any height. This specialized na- 
ture of the sensitiveness may readily be seen to be of great use to the 
plant, effecting an economy of time and energy, for the process of 
inflection is slow and that of reéxpansion still slower, often occupy- 
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ing many hours, and even days. It should be mentioned that, when 
excited by soluble matter of the proper kind, not only the tentacles, 
but the disks, are inflected and close in about the object. There is 
thus formed out of the leaf a stomach; a comparison that Mr. Dar- 
win has proved to le no fanciful one. Space will not permit giving 
even examples of his exhaustive experiments ; to the book itself must 
be referred those who may doubt their thoroughness, or question the 
conclusions drawn from them. 


Fia. 3.—Dnosrr 4s RoTUNDIFOLIA.—Leaf (en- Fig. 4.—DroskEkA ROTUNDIFOLIA.—Leaf (en- 
larged) witu au the tentacles closely in- larged) with the teutacles on one side in- 
flected. flected over a bit of meat. 


It is proved that the leaves are capable of true digestion, and that 
the glands absorb the digested matter. The correspondence between 
the secretion of the Vrosera and the gastric juice of animals is shown 
in that which it fails to digest as well as that which it sueceeds in 
digesting. As is well known, the gastric juice contains an acid and 
a ferment, both of which are requisite for digestion; so it is with 
the seeretion of Drosera. When the stomach of an animal is mechan- 
ically irritated, it secretes an acid; when bits of glass are put on the 
glands of Drosera, the secretion and that of the surrounding glands 
are increased in quantity and become acid, The stomach of an animal, 
however, does not seerete its proper ferment, pepsin, until certain 
substances called peptogenes are absorbed ; matter must be absorbed 
by the glands of Drosera before they secrete their proper ferment. 
Like gastric juice, the secretion of Drosera has antiseptic properties. 
Meat is dissolved by each in the same manner and by the same stages. 
It promptly dissolves cartilage, a substance so little affected by water. 
It dissolves bone, and even the enamel of teeth. In short, there is no 
doubt that the ferment in both cases is closely similar if not identi- 
cally the same, a fact in physiology which may well be called won- 
derful! 
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When it is considered where the plant grows—generally on ex- 
tremely poor, peaty soil—it is evident that the supply of nitrogen 
would be quite deficient unless the plant had the power of obtaining 
this important element from captured insects, and we can thus under- 
stand how its roots are so poorly developed. These usually consist 
of only two or three slightly divided branches from half to one inch 
in length, furnished with absorbent hairs: it appears that they serve 
only to imbibe water, though, of course, they will absorb nitrogenous 
matter when supplied. 

Confirmation of these statements is furnished by some experi- 
ments, coucluded since the publication of Mr. Darwin's book, by Mr. 
Lawson Tait, an account of which he sends to Nature, July 29, 1875, 
p. 251. Only the results ean be stated, and those briefly: “It is cer- 
tain that the sundew not only absorbs nutriment by its leaves, but 
that it can actually live and thrive by their aid alone (that is, without 
the aid of roots); that nitrogenous matter is more readily absorbed 
by the leaves than by the roots, for over-feeding kills the plant sooner 
by the leaves alone than by the roots alone.” 

Mr. Tait also announces ‘that from the secretion of Drosera dichio- 
toma he has been able to separate a substance closely resembling 
pepsin. 

If a tentacle receives an impulse from its own glands the move- 
ment is always toward the centre of the leaf (Fig. 5). 


Fig. 5.—DRosERA ROTUNDIFOLIA.—Diagram showing one of the exterior tentacles closely in- 
flected ; the two adjoining ones in their ordinary position. 


On the other hand, when the motor impulse comes from one side 
of the disk, the surrounding tentacles, including the short central 
ones, all bend with precision toward the point of excitement, wherever 
this may be seated. This is in every way a remarkable phenomenon ; 
for the leaf falsely appears as if endowed with the senses of an ani- 
mal (see Fig. 4). 

Jn every ease the impulse from a gland has to travel for at least 
a short distance to the basal part of the tentacle, the gland being car- 
ried solely by the inflection of the lower part. When the central 
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glands are stimulated, and the cxtreme marginal tentacles become 
inflected, the motor impulse is transmitted across half the diameter 
of the disk. It passes not along the vascular system, but through 
the cellular tissue, traveling more rapidly and easily in a longitudinal 
than in a transverse Jine, probably for the reason that the cells are 
elongated longitudinally, and some obstruction is encountered at 
each cell-wall through which the motor impulse must pass. 

A molecular change of the protoplasm within the cells, to which 
Mr. Darwin has given the name of aggregation, precedes and accom- 
panies all motion. When a leaf which has not been excited or in- 
flected is examined, the cells forming the pedicels are seen to be filled 
with an homogeneous purple fluid. If the tentacle be examined some 
hours after having been excited, the purple matter is found to be 
aggregated into masses of varions shapes suspended in a colorless 
fluid. The change begins within the glands and travels downward, 
being arrested for a short time at each cell-wall; the aggregated 
masses perpetually changing form, separating and uniting. After 
the cause of the excitement has been removed, and the tentacles 
have reéxpanded, the colored masses of protoplasm are redissolved, 
and the purple finid again becomes homogeneous and transparent. 
This process of aggregation is not dependent upon the inflection of 
the tentacles or increased secretion of the glands—a most remark- 
able feature of the phenomenon being that in the tentacles which are 
inflected by an indirect irritation, conveyed by motor impulse from 
other glands, some influence is sent up to the glands, as their secre- 
tion is increased and becomes acid; then the glands thus excited 
send back some other action, causing the protoplasm to aggregate in 
cell beneath cell. There can actually be seen a molecular change pro- 
ceeding, which may be somewhat similar to the moleeular chauge 
which is supposed to be sent from one end of a nerve to another when 
sensation is felt. We have here a reflex action, and the only known 
case thereof in the vegetable kingdom. The rate at which the motor 
impulse is transmitted is much slower than in animals. This fact, as 
well as that of the motor impulse not being specially directed to cer- 
tain points, are both, no doubt, due to the absence of nerves. Never- 
theless, we perhaps see the prefigurement of the formation of nerves 
in animals in the transmission of the motor impulse being much more 
rapid down the confined space within the tentacles than elsewhere, 
and somewhat more rapid in a longitudinal than in a transverse direc- 
tion across the disk. 

Of course, there is not in this, or in the reflex action, any thing 
comparable with the nervous systems of animals, and, as Mr. Darwin 
says, “the greatest inferiority of all is the absence of a central 
organ, able to receive impressions from all points, to transmit their 
effects in any definite direction, to store them up and reproduce 
them.” That is to say, Drosera seems to be without even the pre- 
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figurement of a brain, and we can almost fancy that we detect a trace 
of disappointment or regret in this admission, 

A wide range of experiment shows that probably all the species 
of Drosera are adapted for catching and digesting insects by nearly 
the same means, though not with equal development or completeness. 

Dionwa museipula—The form of the bilobed leaf which is the 
most wonderful feature of this wonderful plant, already described, 
may be seen from the accompanying sketch. 


Fic. 6.—DioN£A MUSCIPULA.—Leaf viewed laterally in its expanded state. 


In the Dionwa the locality of sensitiveness is the three filaments 
which appear on each balf of the upper surface of the leaf. It is un- 
like Drosera in that the filaments are sensitive to sudden impact, the 
transmission of the impulse is more rapid and the consequent move- 
ment instantaneous. Another point of unlikeness consists in the 
power of secretion of the glands, those of Dionwa being only excited 
by the absorption of nitrogenous matter. When any substance comes 
in contact with the filaments, the lobes of the disk close instantly 
upon it, confining it in a concave chamber; if the imprisoned matter 
be nitrogenous the lobes are gradually pressed eloser together, the 
elands scerete freely and retxpansion takes plaee only after from 
nine to twenty-four days, when nearly all trace of the substance will 
have disappeared, and sensitiveness is lost, only to reappear after 
some time has elapsed, if at all. If, however, the closing is the result 
of sudden impact or of the contact of a non-nitrogenons substance, the 
leaf shortly opens again and is at once sensitive, the glands showing 
no signs of secretion. The constitution and action of the secretion are 
identical with those of Drosera, as is probably the manner of transmis- 
sion of the motor impulse. But want of space again excludes many 
interesting details. 

Aldrovanda, Drosophyllum, Roridula, and Bybdlis, four other gen- 
era of the same order, all are provided with secreting glands and seem 
to have similar powers, though in a lesser degree, 

Mr. Darwin was also led to investigate the habits of Pinguicula 


56 THE POPULAR SCIENCH MONTHLY. 


velgaris, the result being to establish beyond question the predatory 
practices of the bladderwort, a plant which had hitherto enjoyed a 
good name. 

It is not provided with any irritable filaments, the sensitiveness 
residing in the surface of the leat, which is set with two kinds of gland- 
ular hairs secreting an extremely viscid fluid which seems to be the 
only agent for entrapping the insects. When once caught they are 
detained by the slowly-intlecting leaf. Mere, too, contact with nitro- 
genous bodies changes the nature of the secretion, so that it becomes 


Fig. 7.—PINGUICTLA VULGARIS.—Outline of Fie. 8.—PixGuicULa VULGARIS.—Cutline of 
leaf with left margin inflected over a leaf, with right margin inflected against 
row of small flies, two square bits of meat. 


capable of dissolving and digesting insects and other nutritious sub- 
stances, when the seeretion and the digested matter are reabsorbed 
by the glands, When the objects are too large to be inclosed by the 
inflected leaf, they are by its incurving pushed along over the sur- 
face, constantly coming in contact with fresh and hungry glands, 
subserving the needs of the plants as well as by the other method 
(see Fig. 8}. 

Utricularia neglecta and U. vulgaris (common Bladderwort).—It 
will be a new revelation to most readers to be told that the bladders 
of this plant are not, as the manuals have always stated, filled with 
air and intended to float the plant, but that their real use is to cap- 
ture smal] aquatic animals, which they do on a large scale. 

The general appearance of a bladder is shown in the figure (10) 
given below. The lower side is straight, the other surface convex 
and terminating in two long prolongations bearing six or seven long 
pointed bristles. The prolongations are called antenna, for, as Mr, 
Darwin says, “the whole bladder curiously resembles the entomo- 
stracean crustacea” upon which they prey so freely. 

Under these antenne, where the bladder is slightly truncated, is 
situated the most curious and important part of the whole structure, 
namely, the entrance and valve. 
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The valve is attached on all sides to the bladder, excepting by its 
posterior margin, which is very thin, and rests on a collar or rim, 
which dips deeply into the bladder, The valve can only open in- 


Fic. 9.—U?rricvuLanIA NEGLECTA.—Branch with the dtvided leaves bearing bladders; about 
twice enlarged. 


ward; there are on its surface numerous glands, which have the 
power of absorption, but are not known to secrete. 

The whole inner surface of the bladder 1s covered with a serried 
mass of processes, consisting each of four divergent arms, whence they 


Fig. 10.—UrRIcULARIA NEGLEcTA.—Bladder, much enlarged. 


are called quadrifid processes. Each arm generally contains a minute, 
faintly-brown particle, either rounded or elongated, which shows in- 
cessant Brownian movements, 


Whenever found in stagnant water the bladders swarm with in- 
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sects, crustaceans, larvee, and fresh-water worms, in various stages of 
decay. The animals enter the bladder by bending in the free edge of 
the valve, which shuts again instantly. How it is that such weak and 
minute animals get into the bladders is not yet nuderstood, but they 
do succeed in entering as do inanimate objeets, if laid npon the valve. 
The locality of the irritability, if indeed there be any, is not deter- 
mined, 


Fie, 11.—UTRicULaRIA NEGLECTA.—Valve of bladder, greatly enlarged. 


Notwithstanding the elaborate mechanism for the capture of ani- 
mal food, there seems to be no power of digesting it, nor for hasten- 
ing its decay; although, when decomposition sets in, its products are 
slowly absorbed by the quadrifid processes; at least, these processes 
from bladders containing deeayed animals generally show masses of 
spontancously-moving protoplasm which do not appear in those taken 
from clean bladders. 


Fie. 12.—UTRICcULARIA_NEGLECTA.—Small Fig, 13.—UTricULaRnia NEGLEcTA,—One of 
ortion of inside of bladder, much en- the quadrifid processes greatly enlarged. 
arged, showing quadrifid processes. 


Investigations were extended to many other species of Utricularia, 
with results showing, in all cases, an adaptation for capturing small 
animals and power to absorb the products of their decay. 

To be classed with this genus, as being insectivorons to a similar 
extent, are Sarracenia and Darlingtonia. Upon these Mr. Darwin 
records no observations. 
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Sarracenia variolaris has, however, had its powers carefully inyes- 
tigated by Dr. Mellichamp, of Bluffton, South Carolina. This species 
differs from the common Northern one (S. purpurec) chietly in having 
a lid which closes over the month of the trumpet-shaped leaves, so that 
rain can not readily enter, The leaves are usually half-filled with a fiuid 
which Dr. Mellichamp is satisfied is secreted at the bottom of the tubes. 
Ife describes it as mucilaginous, and leaviug in the mouth a pecuhar 
astringency. In it meat decomposes more rapidly than in water, and 
he conclades that as the leaves when stuffed with insects become most 
disgusting in odor, we have to do with an accelerated decomposition, 
though not with digestion. He attributes anssthetie effects to the 
fluid. The lure which brings the insects to the mouth of the pitcher 
is a honey-baited pathway running from the ground along the broad 
wing of the pitcher to its month, up which the insects are lured to their 
fate. Nothing of this kind is observed in S. purpurea, and its exposed 
moath is so placed that rain must fall into it. It is not probable, as 
Dr, Hooker says, that pitchers presenting such differences should act 
similarly, and he adds: “The fact that insects normally decompose 
in the fluid of all would suggest the probability that all feed on the 
produets of decomposition; but as yet we are ignorant whether the 
glands within the pitchers are secretive or absorptive, or both ; if secre- 
tive, whether they secrete water ora solvent; if absorptive, whether 
they absorb animal matter or the products of decomposition.” 

Prof. C. V. Riley (American Association for the Advancement of 
Science, 1874) is of opinion that the only benefit to the plant is from 
the liquid manure. 

But this fascinating subject cannot be pursued further. 

Sentimental flower-worshipers, fond of quoting the pretty meta- 
phor of their buds and blossoms being “ truly the language of angels,” 
will doubtless be pained to learn that they are not all ethereal 
creatures subsisting on such lovely foods as dew and sunlight, but 
that they are at times given to dining off the more substantial fricas- 
sees which their alert tentacles know so well how to prepare, And 
although they may consign the sanguinary Droseras and Dioncas to 
the limbo of the unclean, and turn with renewed admiration to their 
own floral pets, still the matter does not end here. Mr. Darwin 
throws out some dark hints as to the private lives of the immaculate 
Primula, the brilliant Pelargonium and other greenhouse favorites, 
that must lead the thoughtful mind to conclude that that they will at 
least bear watching. 

Seriously, these revelations afford abundant food for thought. 
There are three remarkable powers connected with the phenomenon: 
the movement of the leaves when excited; the secreting of a diges- 
tive flnid ; the absorption of digested matter. The species possessing 
them all hold them in different degree ; some possess two and others 
but one of them. What light can natural selection throw upon the 
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steps by which these wonderful powers were gradually acquired ? is 
one of the problems presented to the evolutionist. 

Mr. Darwin submits his work wonderfully advanced when eom- 
pared with the state in which be found it, but there remains much to 
be done. 


INDUCED DISEASE FROM THE INFLUENCE OF THE 
PASSIONS.’ 


By B. W. RICHARDSON, M. D., F. B.S. 


ANY of the forms of disease previously detailed may be induced 

by other causes than worry or mental strain. They may be the 

effects of the unrestrained influence of certain of the passions. I say 

certain of the passions, because all do not seem to act with the same 

intensity. Some of them act with a sharpness of intensity that is 
peculiar, while others apparently excite no physical injury. 

The passions which act most severely on the physical life are anger, 
fear, hatred, and gricf. The other passions are comparatively innoc- 
uons. What is called the passion of love is not injurious until it 
lapses inté grief and anxiety; on the contrary, it sustains the physical 
power. What is called ambition is of itself harmless; for ambition, 
when it exists purely, is a nobility lifting its owner entirely, from 
himself into the exalted service of mankind. Jt injures when it is 
debased by its meaner ally, pride; or when, stimulating a man to too 
strenuous efforts after some great object, it leads him to the perform- 
ance of excessive mental or physical labor and to the consequences 
that follow such effort. 

The passion called avarice, according to my experience, tends 
rather to the preservation of the body than to its deterioration. The 
avaricious man, who seems to the luxurious world to be debarring 
himself of all the pleasures of the world, and even to be exposing 
himself to the fangs of poverty, is generally placing himself in the 
precise conditions favorable to a long and healthy existence. By his 
economy, he is saving himself from all the worry incident to penury; 
by his caution he is screening himself from all the risks incident to 
speculation or the attempt to amass wealth by hazardous means; by 
his regularity of hours and perfect appropriation of the sunlight, in 
preference to artificial illumination, he rests and works in periods 
that precisely accord with the periodicity of Nature; by his abstemi- 
ousness in living he takes just enough to live, which is precisely the 
right thing to do according to the rigid natural law. Thus, in almost 


1 From advance sheets of a new work in press of D. Appleton & Co., entitled ‘‘ The 
Diseases of Modern Life.” 
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every particular, be goes on his way freer than other men from the 
external causes of all the induced diseases, and better protected than 
most men from the worst consequences of those diseases which spring 
from causes that are uncontrollable. 

I do not hold up this picture as an eneonragement to avarice, for 
an avaricious world would truly be a sad one. “But there is a soul 
of goodness in things evil, would men observingly distill it out,” and, 
certainly, much goodness might be observed even in the perverted 
passion of avarice, if reckless and over-generons ncn would conde- 
scend to the distillation. 

Some of the most extreme instances, at all events, nay, the most 
typical instances, of longevity with perfect physical health that I 
have met with, have heen in those who are tinctured practically with 
the passion under consideration, It is true some have not been 
happy, and none eminently useful; but to the physiological mind 
they present a remarkable picture of the endurance of health and 
life under what are nearest to the natural conditions neeessary for 
both, They suggest that if with this physical standard a higher and 
nobler mental development conld be attained, with art and science 
and benevolent labors as the pleasures added to the life, the approach 
to perfection of existenee would be closely realized, and the age, not 
of the man only but of the world of life to which he belongs, would 
be more thoughtfully conserved. ‘ 

Of the passions I have enumerated as most detrimental to life, 
anger stands first. Tle is a man very rich indeed in physical power 
who can afford to be angry. The richest cannot afford it many times 
without insuring the penalty, a penalty that is always severe. What 
is still worse of this passion is, that the very disease it engenders 
feeds it, so that if the impulse go many times unchecked it becomes 
the master of the man. 

The effects of passion are brought out entirely through disturb- 
anee in the organie nervous chain. We say aman was “red” with 
rage, or we say he was “white” with rage, by which terms, as by 
degrees of comparison, we express the extent of his fury. Physio- 
logically we are then speaking of the nervous condition of the minute 
circulation of his blood: that “red” rage means partial paralysis of 
minute blood-vessels; that “white” rage means temporary suspension 
of the action of the prime mover of the circulation itself. But such 
disturbances cannot often be produced without the occurrence of per- 
manent organic evils of the vital organs, especially of the heart and 
of the brain, 

The effect of rage upon the heart is to induce a permanently per- 
verted motion, and partieularly that perverted motion called intermit- 
tency, One striking example, among others of this kind which I eould 
name, was afforded me in the case of a member of my own professton. 
This gentleman told me that an original irritability of temper was 
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permitted, by want of due control, to pass into a disposition of almost 
persistent or chronic anger, so that every trifle in his way was a cause 
of unwarrantable irritation. Sometimes his anger was so vehement 
that all about him were alarmed for him even more than for them- 
selves, and when the attack was over there were hours of sorrow and 
regret, in private, whieh were as exhausting as the previons rage. In 
the midst of one of these outbreaks of short, severe madness, he sud- 
denly felt, to use his own expression, as if his “heart were lost.” He 
reeled under the impression, was nauseated and faint: then, recover- 
ing, he put his hand to his wrist, and discovered an intermittent action 
of his heart as the ecanse of his faintness. He never completely 
rallied from that shock, and to the day of his death, ten years later, 
he was never free from the intermittency. As a rule he was not con- 
scious of the intermittency unless he took an observation on his own 
pulse, as though he were apart from himself: but occasionally after 
severe fatigue he would be subjectively conscious of it, and was much 
distressed and depressed. “I am broken-hearted,” he would say, 
“physically broken-hearted.” And so he was: but the knowledge of 
the broken heart tempered, marvelously, his passion, and saved him 
many years of a really useful life, He died ultimately from an acute 
febrile disorder, 

The effect of anger upon the brain is to produce first a paralysis, 
and afterward, during reaction, a congestion of the vessels of that 
organ; for, if life continnes, reactive congestion follows paralysis as 
certainly as day follows night. Thus, in men who give way to violent 
rage there comes on, during the acute period, what to them is merely 
a faintness, which, after a time of apparent recovery, is followed by 
a slight confusion, a giddiness, a weight in the head, a sense of op- 
pression, and a return to equilibrium. They are happy who, continu- 
ing their course, suffer no more severely. Many die in one or other 
of the two stages [have named. They die in the moment of white 
rage, when the cerebral vessels and heart are paralyzed. Then we 
say they die of faintness, after excitement. Or, they die more slowly 
when the rage has passed and the congestion of reaction has led to 
engorgement of the vessels of the brain. Then the engorgement has 
caused stoppage of the circulation there; or a vessel has given way; 
or serous fluid has exuded, producing pressure, and we report that 
the death was from apoplexy, following upon some temporary excite- 
ment. 

Hatred, when it is greatly intensified, acts much like anger in the 
effects it produces. The phenomena differ in that they are less snd- 
denly developed and more elosely concealed; they very rarely, in 
faet, come under the cognizance of the physician unmixed with other 
phenomena, They are made up of the symptoms of suppressed anger 
with morose determination, and they keep the sufferer from rest. He 
is led to neglect the necessities of his own existence; he is rendered 
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feverish and feeble; and at last he either sinks into chronic despond- 
ency and irritability, or rushes hastily to the performance of some 
act which indicates disordered mind. 

The effects of fear are all but indentical with those of rage, and 
like rage grow in force with repetition. The phenomena are so easily 
developed in the majority of persons, they may actually be acquired 
by imitation, and may be intensified and perhaps induced by listening 
to the mere narratives of events which act as causes of fear, I am 
daily more and more convinced that not half the evils resulting from 
what may be called the promptings of fear in the young and the 
feeble are duly appreciated, and that fear is the worst weapon of phys- 
ical torture the thoughtless coward wields, The organs upon which 
fear exerts its injurious influence are, again, the organic nervous chain, 
the heart, and the brain. 

Permanent intermittency of the heart is one of the leading phe- 
nomena incident to sudden and extreme terror, One example, sufli- 
ciently characteristic, will illustrate this fact: 

A gentleman of middle age was returning home from a long voyage 
in the most perfect health and spirits, when the vessel in which he was 
sailing was struck from a collision, and, hopelessly injured, began to 
sink. With the sensation of the sinking of the ship and the obvious 
imminence of death—five minutes was the longest expeeted period of 
remaining life—this gentleman felt his heart, previously acting ve- 
hemently, stop in its beat. He remembered then a confused period 
of noise and cries and rush, and a return to comparative quict, during 
which he discovered himself being conveyed, almost unconsciously, 
out of the sinking vessel on to the deck of another vessel that had 
rendered assistance. When he had gained sufficient calmness he 
found that periods of intermittent action of his heart could be counted. 
They oceurréd four and five times in the minute for several days, and 
interfered with his going to sleep for many nights. On reaching land 
the intermittency decreased, and when the patient came to me, soon 
afterward, there were not more than two intermittent strokes in the 
minute, all the intervening strokes being entirely natural and the 
action of the heart and the sounds of it being simply perfect. In this 
gentleman the intermittent pulse became a fixed condition, but so 
modified in character that it was endurable. At his last visit to ne he 
was not conscious of the symptom except he took it objectively from 
himself, by feeling his own pulse or listening to his own heart. 

The effect of fear on the brain may be to the extent of that which 
is produced by extremity of rage, so that even sudden death, from 
syncope, may eusue. I have known two such instances as these, but 
the more common effect is an intense irritability, followed by doubt, 
suspicion, and distrust, leading toward or to insanity, From a sud- 
den terror deeply felt the young mind rarely recovers, never, I believe, 
if hereditary tendency to insanity be a part of its nature. A man, 
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who is now the inmate of an asylum, owing to fixed delusions that 
all his best friends are conspiring to injure and kill him, explained to 
me, before his delusion was established, from what it started. When 
he was a boy he bad a nervous dread of water, and his father, for 
that very reason, and with the best of intentions, determined that he 
should be taught to swim, He was taken by his tutor, in whom he 
had every confidence, to the side of a river, and when he was un- 
dressed he suddenly found himself cast by his instructor, without any 
warning, into the stream, No actual danger of drowning was implied, 
for the tutor himself was at once in the water to hold him up or to bring 
him to land; but the immediate effect, beginning with the faintness 
of fear, was followed by vomiting, by a long train of other nervous 
symptoms, by constant dread that some one was in some way about 
to repeat the infliction, by frequent dreaming of the event by night, 
by thinking uponitin the day, At last all the phenomena culminated 
in that breach between the instinctive and the reasoning powers which 
we, for want of a better term, call dangerous and insane delusion, 

The effect of grief varies somewhat according to the suddenness 
or slowness with which it is expressed. Sudden grief tells chietly 
upon the heart, leading to irregular action, and to various changes in 
the extreme parts of the circulation incidental to such irregularity. 
Under sudden impulse of grief Ihave known singular local manifes- 
tations of discase, as for instance the devclopment of a goétre; an 
hemoptysis or loss of blood from the lungs; a local paralysis of the 
lip and tongue; a failure of sight. 

When the grief is less sudden and more prolonged, want of power 
and intermittency of the circulation are again the most common phe- 
nomena. They are most easily developed in women, but I have seen 
them occur even in men of strong habit but sensitive fecling. Thusa 
gentleman whom I know well, and who suffers in the way I describe, 
tells me that he first became conscious of the intermittency in the 
action of his heart, upon the anxiety he felt from the loss of one of 
his brothers, to whom he was deeply attached and for whose superior 
talents he had, as indeed many others had, a profound admiration. 
The attacks at first were so severe that they created in his mind some 
alarm; but in course of time he became accustomed to them, and the 
sense of fear passed away. The intermittency in this instance alter- 
nated with periods in which there was very slight interruption of 
natural action. During the more natural periods there was, however, 
an occasional absence of stroke once in two or three hundred beats, 
but the fact was not evident to the subject himself. When the ex- 
treme attacks were present the intermittency of pnlse occurred six or 
even seven times in the minute, and the fact, which was subjectively 
felt, was very painful. The stomach at the same time was uneasy, 
there were flatulency and a sensation of sinking and exhaustion. In 
the worst attacks there was also some difficulty in respiration, and a 
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desire for more capacity for air, but unattended by spasm or acute 
pain, <A severe attack was induced readily by any cause of disturb- 
ance, such as broken rest or mental excitement; on the other hand, 
rest and freedom from care seemed'to him cnrative, for a time. 

In this gentleman another symptom was presented for one or two 
years, which is somewhat novel, and exceedingly striking. The symp- 
tom was this: When the intermittent action of the heart was at its 
worst, there came on in the fingers of one or other hand a sensation 
of coldness and numbuess, followed instantly by quick blanching of 
the skin, precisely the same appearance, in fact, as is produced when 
the surface of the body is frozen, The numbness and temporary death 
of the parts would often remain for a full hour, during which time 
the superficial sensibility was altogether lost. When recovery com- 
menced in the fingers it was very rapid, and after reeovery no bad 
results were ever noticeable. I have siuce seen one similar illustration 
in another individual, occurring under nearly similar cireumstanees. 

From the irregularity of the circulation of the blood induced by 
prolonged grief, varied certral phenomena in the nervous matter fol- 
low, and in persons who have passed middle life these phenomena are 
usually permanent if not progressive. They consist of organic feeble- 
ness extending to all the active organs of the body, and affecting 
specially the mental organism. A constant desire for rest, for avoid- 
ance of eares, for seclusion, mark this stage of disease, if so it may be 
called, It is not necessarily a stage leading to rapid failure of further 
physical or mental power, for the mind and body are subdued so 
equally that there is no galling irritability, no wearing depression from 
the influence of other passions, The worst that nappens ultimately in 
those instances is the gradual but premature encroachment of dementia 
previous to death, if the life be prolonged to its natural term. 

Under some circumstances the passions, excited in turn, injure by 
the combined influence of their action. In games of chance where 
money is at stake we see the play of the worst passions in all its mis- 
chievous intensity. Fear and anger, hate and grief, hope and exulta- 
tion, stand forth, one after the other, kecping the trepitant heart in 
constant excitement and under tremulous strain, until at length its 
natural steadiness of motion is transformed into unnatural irregularity 
which, if it do not remain permanent, is called up by the slightest 
irritation. The act of playing at whist for high stakes is a frequent 
source of disease from this cause. I know that professed or habitual 
card-players declare that, however much may be played for, the losses 
and winnings of games are equalized by turn, and that after a year’s 
play the player has, practically, neither won nor lost. T may accept 
that what is declared on this point is true; but the fact, if it be one, 
does not alter the physical evil that results, one iota. The man who, 
after being engaged in business all day, sits down regularly at night 
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on his odd tricks, never, I believe, escapes the effects of organic 
nervous shock. Some of the worst forms of such shock J have seen 
have sprung from this cause. 

Political excitements call forth readily the reel of the passions 
with dangerous energy. A few specially constructed men, who have 
no passions, pass through active political excitement and, maybe, 
take part in it without suffering injury ; but the majority are injured. 
As they pour forth their eloquent or rude speeches, as they extol or 
condemn, as they cheer or hiss, as they threaten or cajole, they are 
taking out of themselves force they will never regain. 

Tt has been observed since the time of Pinel, that when to political 
excitement there is added the excitement of war, especially of civil 
war, the effects on the physical life of the people is at once marked by 
the disturbance of nervous balance. This fact was forcibly illustrated 
during and after the last great civil war in America, and it formed the 
subject of several most able reports by the physicians of that country. 
One report, by Dr. Stokes, of the Mount Hope Institution of Baltimore, 
was, I remember, a masterly history which, when the time comes that 
war shall be no more, will be read with as much wonder as we now 
read of the witch or dancing mania of the middle ages. One victim 
of the war mania is cursed with fear until he fails to sleep; another 
believes all his estates are confiscated; 2 third imagines himself taking 
part in some bloody fray ; a fourth, the subject of aural delusions, no 
sooner sleeps than he wakes up, roused by what he considers to be 
awful sounds afar off, but approaching nearer, These are the more 
visible evidences of the injuries of war beyond those inflicted on the 
fighting-men. They represent much, but they represent little if they 
be compared with the minor but still formidable physical injuries to 
the heart and brain which stop short of real insanity, but which reduce 
life, and which pass in line from the generation that reccives them 
primarily to the generations that have to come, 

The reel of the passions as a cause of diseases of modern life rests 
not with the excitements of gaming, of political strife, of war. It is 
stirred up by some fanatical manifestations for the regeneration of the 
world, which are well meant, but which, missing the mark, plant de- 
generation instead. 

In a sentence, whenever, from undue excitement of any kind, the 
passions are permitted to overrnle the reason, the result is disease: 
the heart empties itself into the brain; the brain is stricken, the heart 
is prostrate, and both are lost. 
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IIE term protoplasm, from Gr. mparoc, first, and wAdopa, form, is 
applied to the supposed original substanee from which all living 
beings are developed, and which is the universal concomitant of every 
phenomenon of life. All that is comprehended for brevity under the 
term life, whether the growth of plants, the flight of birds, or a train 
of human thought, is thus supposed to be enused by corporeal organs 
which either themselves consist of protoplasm, or have been developed 
out of it. Wherever nutrition and propagation, motion and sensa- 
tion exist, there is as their material basis this substance designated in 
a general sense as protoplasm. The proof of it is held to be furnished 
by the protozoans called moners, the whole eompletely developed 
body of whieh consists solely of protoplasm, They are not only the 
simplest organisins with which we are acquainted, but also the simplest 
living beings we can conecive of as eapable of existing; and though 
their entire body is but a single, formless, small lump of protoplasm, 
and (each moleeule of it being like the other) without any eombina- 
tion of parts, yet they perform all the functions which in their entirety 
constitute in the most highly-organized animals and plants what is 
comprehended in the idea of life, namely, seusation and motion, nutri- 
tion and propagation. By examining these moners we shall gain a 
clear conception of the nature of protoplasm, and understand the im- 
portant biological questions connected with the theory. 

Some moners live in fresh water, and others in the sea. They are 
as a rnle invisible to the naked eye, but some are as large as the head 
of a pin, and may be distinguished without the aid of a microscope. 
When completely at rest a moner commonly assumes the shape of a 
simple sphere. Either the surface of the body is quite smooth, or 
numerous exceedingly delicate threads radiate from it in all directions, 
These threads are not permanent and constant organs of the slime- 
like body, but perishable continuations of it, which alternately appear 
and disappear, and may vary every moment in number, size, and form. 
For this reason they are called false feet or pseudopodia. Neverthe- 
less, by means of these pseudopodia the moners perform all the fune- 
tions of the higher animals, moving them like real feet cither to creep, 
climb, or swim. By means of these sticky threads they adhere to 
foreign bodies as with arms, and by shortening or elongating them 
they drag their own bodies after them. Each thread, like the whole 
body, is capable of being contracted, and every portion of it is as 
sensitive and excitable as the entire form. When any point on the 
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surface of the body is tonehed with the point of a pin, or with another 
body producing a chemical alteration, as for example a small drop of 
acid, or when a current of electricity is passed through it, the threads 
are drawn in, and the cntire body contracts into the form of a spheri- 
eallump. The same threads perform also the function of providing 
alimentation, : 

When a small infusorinin or any other nutritive particle comes acci- 
dentally in contact with the extended psendopodia, these run quickly 
over it like a fluid, wind around it with their numerous little branches, 
fuse into one, and press it into the interior of the body, where all the 
nutritive portions are rapidly absorbed and immediately assimilated, 
while all that is useless is quickly ejected. 

The variations among the different moners, of which so far sixteen 
kinds have been described (Haeckel’s “ Monographie der Moneren),” 
consist partly in the various forms of the psendopodia, but especially in 
the different kinds of propagation, Some of them merely divide into 
halves on reaching a certain size; others put forth little buds which 
gradually separate from them; and others experience a sudden divi- 
sion of the mass into numerous small spherical bodies, each of which 
instantly begins a separate existence and gradually reaches the size 
of the ancestral organism. 

The chemical examination of the homogeneous protoplasmic body 
shows that it consists thronghout of an albuminons or slime-like mass, 
hence of that azotic carbonate of the character of the highly-com- 
pounded connective group called proteme, alluminoids, or plasson 
bodies, Like other chemical compounds of this group, protoplasm 
exhibits several reactions which distinguish it from all others. It is 
easy to detect it under the microscope, on account of the facility with 
which it combines with certain coloring matters, as carmine and ani- 
line; it is colored dark yellow or yellowish brown by iodine and nitric 
acid; and it is coagulated by alcohol and mineral acids, as well as by 
heat. The quantitative composition of protoplasm, though in some 
cases greatly varying, resembles as a whole that of other ulbuminoids, 
and hence consists of trom fifty to fifty-five per cent. of carbon, prob- 
ably six to eight of hydrogen, fifteen to seventeen of nitrogen, twenty 
to twenty-two of oxygen, and one to twoof sulphur. Protoplasm pos- 
sesses the quality of absorbing water in various quantities, which 
renders it sometimes extremely soft and nearly liquid, and sometimes 
hard and firm like leather; but it is usually of a medium degree of 
density. Its more prominent physical qualities are excitability and 
contractility, which Ktihne and others have made a special subject of 
investigation. 

On examining with the microscope the numerous substances con- 
stituting the various organs of the higher animals, it appears that they 
all consist of a large number of minute clements, known since Schlei- 
den and Schwann (1838) by the name of cells; and in these cells pro- 
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toplasm is the oldest, most primordial, and most important constituent. 
In every real cell there is, besides protoplasm, and while still alive and 
independent, a second important constituent, the cellular germ, so 
ealled (nucleus or eytoblast) ; but even this germ consists of an albn- 
minous chemical compound which is closely related to protoplasm, 
and was orginally produced from it by an exceedingly slight chemi- 
eat alteration, The germ is usually a smaller and firmer formation 
within the protoplasm of the cell. 

Tnasmuceh as the idea of an organic cell, as now adopted by histol- 
ogists, rests on the presence of two different essential parts in this 
elemeutary organism, the internal ect] and the external protoplasm, 
we must distinguish also two different kinds of elementary organisins: 
germless eytods, as moners for example, and the real germ-inclosing 
cells, which originate from the former by secreting in the interior of 
the small mass of protoplasm a true germ or nucleus. Cells of the 
simplest kind consist only of protoplasm with a nucleus, while in 
general the cells of animal or vegetable bodies have also other con- 
stituents, particularly and frequently an inclosing skin or capsule (the 
cellular membrane), also crystals, grains of fat, pigments, and the like, 
within the protoplasm. But all of these parts came into being only 
secondarily through the chemical action of protoplasm; they are but 
the internal and external products of protoplasm. (IIaeckel’s “ Gene- 
relle Morphologie,” vol. i, p. 279). The single cell of the simplest 
kind is able to exist as an independent organism. Many of the lowest 
plants and animals, and also many neutral protista (which are neither 
animals nor plants), retain for life the character of a simple cell, Such 
anicellular organisms of the simplest kinds are the amebe, found in 
large numbers as well in fresh as in salt water. Amabz are simple 
naked cells of various and varying forms. The whole difference 
between them, especially protamebe, and certain moners, is that they 
havea germ. It is probable that this germ of the amabex (as may 
be supposed to be the case with many and perhaps all other cells) is 
only an organ of propagation, and hence of heredity; while all the 
other functions, alimentation, motion, and sensation, are performed 
by the protoplasm. This seems to indicate that at the reproduction 
of the cells, which is usnally effected by segmentation, it is the germ 
which first divides in two, and that the protoplasm afterward gathers 
around each of the two sister germs till it also falls in two. It is 
impossible to distingnish from the common amebe the cellular ovules 
of many of the interior animals, as for example the sponges, mednsz, 
and other plant-like animals. With these the eggs are simple naked 
cells, which, with the sponges especially, sometimes crawl about inde- 
pendently in the body of the animal, giving rise to the idea that they 
were a class of parasitic ameabe. But with other animals also, and 
with most plants, the eggs of which generally obtain subsequently 
special and often very complicated encascments and other additions, 
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every cgg is originally a simple cell. The seminal elements of the 
male are also only simple cells, and the entire mysterious process of 
fructification is after all nothing but the fusion or concrescence of two 
different cells, the one a female egg-cell, and the other a male semen- 
cell. In consequence of this fusion the germs of the two combined 
cells dissolye, and therewith tlt young, newly-generated individual 
begins his existence as a simple eytod, or a small germless ball of 
protoplasm. But inside of this cytud soon arises a new germ, which 
turns it again into a cell, and this simple cell forms by oft-repeated 
segmentation an acenmulation of cells. Out of this heap are produced 
by secretion certain germinal layers or “verm-leaves,” and out of 
these proceed all the other organs of the complete being. Each of these 
organs again originally consists only of cells, and in all of these cells 
the essential constituent parts are only the germ and protoplasm: the 
germ as the elementary organ of propagation and heredity, protoplasm 
as the elementary organ of all the other functions, sensation, motion, 
alimentation, and adaptation. Cells and cytods, therefore, are true ele- 
mentary organisms, independent minute forms of life, which either in 
the lowest existences continue to live independently, or in the higher 
organisms combine in numbers to forma community. Cells and cyteds 
are the veritable “formers” of life, or plastids. The most ancient 
and primordial forms of plastids are cytods, the whole body of which 
consists of protoplasm, in which the germs are interually produced, and 
from which therefore the cells proceed. 

Asa matter of course, to the infinite varieties presented by the 
organic forms and vital phenomena in the vegetable and animal king- 
dom, corresponds an equally infinite variety of chemical composition 
in the protoplasm. The most minute homogeneous constituents of this 
“Jife-substance,” the protoplasm molecules, or plastidules, as they are 
called by Elsberg, must in their chemical composition present an infi- 
nite number of extremely delicate gradations and variations. The 
atoms of carbon, hydrogen, nitrogen, oxygen, and sulphur, which 
compose each of the plastidules, must enter into an infinite number of 
diverse stratifications and combinations. The chemistry of to-day, 
with its imperfect methods of investigation, is totally powerless before 
these intricate organic compounds, and it is possible only to surmise, 
from the infinitely varied physiological qualities of the numberless 
kinds of plastids, the infinite variety of plastidules out of which they 
are composed. 

According to the plastid theory recently advanced, the great 
variety of vital phenomena is the consequence of the infinitely deli- 
cate chemical difference in the composition of protoplasm, and it con- 
siders protoplasm to be the sole active life-substance. This theory 
puts force and matter in living organisms into the same causal con- 
nection which has long been accepted for force and matter in imor- 
ganic bodies. This conception has been rapidly matured, especially in 
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the past twenty years, through the more exact information oltained 
in regard to the lowest kinds of organisms. Yet the idea had been 
grasped more than half a century ago; for the “primordial slime” 
which Lorenz Oken proclaimed in 1809 to be the original souree¢ 
of life, and the material basis of all living bodies, possessed in all 
essentials the same qualities aud the same importance now ascribed 
to protoplasm; and the sarcode so ealled, which in 1835 was pointed 
out by the French zodlogist Félix Dujardin as the only living sub- 
stance in the body of rhizopods and other inferior primitive animals, 
is identical with protoplasm. Bnt when Schleiden aud Schwann, in 
1838, developed their cell theory, they were not acquainted with the 
fundamental significance of protoplasm, Even Hugo Mohl, who in 
1846 was the first to apply the name protoplasm to the peculiar serous 
and mobile substance in the interior of vegetable cells, and who per- 
ceived its high importance, was very far from understanding its sig- 
nificance in relation to all organisms, Not until Ferdinand Cohn 
(1850), and more fully Franz Unger (1855), had established the iden- 
tity of the animate and contractile protoplasm in vegetable cells and 
the sarcode of the lower animals, conld Max Schultze in 1858-61 
elaborate this protoplasm theory of the sarcode, so as to proclaim 
‘protoplasm to be the most esseutial and important constituent of all 
organic cells, and to show that the bag or husk of the cell, the cellu- 
lar membrane, and the intercellular substances, are but secondary 
parts of the cell, and are frequently wanting. In a similar manner 
Lionel Beale (1862) distinguished such primary forming and second- 
ary formed substances in all organic tissnes, and gave to protoplasm, 
inelnding the cellnlar germ, the name of “germinal matter,” and to 
all the other substances entering into the composition of tissues, being 
secondary and produced, the name of “ formed matter,” 

The protoplasm theory received a wide and thorongh illustration 
from the study of rhizopods which Ernst Haeckel published in 1862 
in his “ Monographie der Radiolarien,” and its complete application in 
the “Generelle Morphologie der Organismen” by the same naturalist. 
Haeckel distinguishes in these works, for the first time, between 
germless protoplasm, consisting only of plastids called cytods by him, 
and the germ-containing real cells, the elementary organism of which 
consists already of two different essential parts, germ and protoplasm, 
He conceived the eytods and cells as two different gradations of plas- 
tids, of organic elementary individuals, or as “individuals of the 
first order,” and adopted entirely, in regard to the individual inde- 
pendence of the plastids, the ideas which had been set forth by Ru- 
dolf Virchow and Ernst Brticke. 

Virchow, whose “ Cellular-Pathologie” contains the most complete 
appheation of the cell theory to pathology, called the cells and the 
“cell territories ” belonging to them the individual hearth or source of 
life; Briicke designated them as “elementary organisms,” The plas- 
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tids or individuals of the first order, identical with them, were de- 
termined by Haeckel phylogenetically, to the effect that cytods and 
cells must be distinguished as two essentially different orders of for- 
mation; i.e, that cells were phylogenetically produced in a second- 
ary manner from homogencous eytods by meaus of the seeretion of a 
germ by the protoplasin. This distinction is important for the reason 
that many of the lowest orders of organisms have no germ in the 
protoplasm ; such is the case especially with the moners. These sim- 
plest of organisms were first discovered by Haeckel in 1864, and de- 
scribed by him in 1868 in his ‘‘ Monographie der Moneren.” Cienkow- 
ski and Huxley also made valuable investigations of various moners. 
The latter discovered in 1868 the famous bathybius, a very remark- 
able kind of moner, which at immense depths covers the bottom of 
the sea in immeasurable numbers, and which consists of formless and 
variable protoplasm tissues of different sizes. 

Among the moners investigated by Cienkowski, the most interest- 
ing are the vampire-cells, which are formless little bodies of proto- 
plusm that bore into vegetable cells by means of their pointed pseu- 
dopodia, kill them, and absorb the protoplasm they find in them. On 
the basis of these discoveries Haeckel elaborated his plastid theory 
and carbon theory, which give the extremest philosophical conse- 
quences of the protoplasm theory. 

In England the monistic philosophy of protoplasm has received 
the most weighty support from Huxley, whose “ Protoplasm, or the 
Physical Basis of Life” (1868), put it in its true light, and ealled 
forth numerous writings for and against it. One of the most recent 
treatises in favor of it is that of James Ross “On Protoplasm ” (1874). 
Probably the name of plasson will be given to the primordial, per- 
fectly structureless, aud homogeneous protoplasm of the moners and 
other cytods, in contradistinction to the protoplasm of germ-contain- 
ing cells, which are produced only subsequently, by the differentiation 
of an internal nucleus and external protoplasm by the plasson bodies 
of moners. Edouard van Beneden especially calls for this distinction 
in his “ Recherches sur Pévolution des grégarines;” and Haeckel has 
adduced new facts in favor of it in his “ Monograpphie der Kalk- 
schwimme.” Fer the theory of “ primordial generation,” the spontane- 
ous generation of the first vitality on earth, the distinction is of special 
importance, as the first organisms thus produced could have been only 
structureless specks of plasson, like the bathybius and other moners. 
The great theoretical diffieulties formerly in the way of the theory of 
primordial or spontaneous generation have been removed by the dis- 
covery of the moners and the establishment of the plastid theory. As 
the protoplasm of the bathybius is not yet as much as individualized, 
while in the case of other moners there are individual lumps of constant 
sizes, it follows that the moners are to be regarded as the natural 
bodies which effect the transition from inorganic to organic Nature. 
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A CURIOUS INDIAN RELIC. 
By CHARLES C, ABBOTT, M. D. 


MONG the several thousands of Indian relics gathered by the 
writer, in the immediate vicinity of Trenton, New Jersey, there 

has occurred one wholly different from all the others, and which bears 
some resemblanee to the well-known Indian bark-letters, as figured 
hy Schooleraft and Catlin; but this inscribed stone is far more primi- 
tive than these. The specimen (as shown in the following diagram) 
isa slab of impure mica or micaccous slate, about an inch in thick- 
ness, seven inches in length, and four and three-fourths iuehes in 


greatest width. The edges have been rudely beveled, and the speci- 
men chipped into its present shape previous to the inscribing of the 
peculiar markings which characterize the relic. 

These consist of a series of well-defined lines, one extending the 
entire length of the specimen, and dividing it into two nearly equal 
parts or surfaces. There are also three well-defined lines crossing 
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the central one at right angles, and a fourth short one, with “split” 
ends, on the left-hand side, below the centre of the slab. 

The wide, shallow groove crossing obliqnely from left to right is, 
I think, a snbsequent marking, possibly from a ploughshare passing 
lightly over the stone. It has the appearance of having been done 
quite recently. Perhaps the most notiecable feature of the inscribed 
side of the stone is the well-defined arrow, extending obliquely 
across the specimen from right to left. This certainly helps oue, at 
least, to imagine some plausible explanation of the meaning of the 
various markings. 

The relic was found in a dense swamp, which until very lately Las 
in no way been disturbed, otherwise than by cutting off the matured 
timber. Just where found it probably had been lying sinee the dis- 
tant day when, for some purpose, it was placed in position by the 
aborigines. 

That the specimen is really an Indian relic Iam_ positive, having 
examined the spot where it was found; and from the fact that the 
lad that found it brought it to me with considerable doubt in his 
own mind as to its being really “Indian” work. In the immediate 
neighborhood were found quite a number of stone axes, spears, and 
arrow-points, all of them of the rndest workmanship. 

As the specimen exhibits no attempt on the part of its primeval 
owher at ornamentation, not even polishing, it can scarcely be 
doubted that the markings upon it were placed there to express some 
fact to others who might find it; that it is a “bark-letter” written 
upon stone—a very primitive attempt at “ picture-writing.” 

Admitting, then, that the specimen has been engraved, us we now 
find it, by an aborigine, I suggest the following as an explanation or 
interpretation of the varions markings: The slab has been engraved 
and then placed in the trail which the Indian or party of them were 
following, with the long central line pointing due north or else in the 
direction of the trail The crossing lines would indicate three days’ 
journeys up to the time of “locating” the stone, or, more probably, 
that three streams of water had been crossed; and the direction of 
the arrow indicated the direction the party had taken from the point 
where the stone was placed, on leaving the trail they had been fol- 
lowing. 

That the specimen was intended to convey some such meaning, I 
have myself no doubt; bunt, looked at in any light, it is certainly a 
very remarkable form of ‘relic,’ and being (as yet) unique, in the 
enormons “find” from this neighborhood, I think goes to show it is 
really a “record” or “letter,” as such “ picture-writings ” would nat- 
urally be made at rare intervals and under unusual cireumstances, 

The specimen is preserved in the Museum of the Peabody Acad- 
emy of Seience, at Salem, Massachusetts. 
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METEOROLOGY OF THE SUN AND EARTH’ 
By Pror. BALFOUR STEWART, F.R.S. 


NINCE the last meeting of the British Association, Science has had 

to mourn the loss of one of its pioneers, in the death of the vet- 
eran astronomer, Schwabe, of Dessan, at a good old age, not before he 
had faithfully and honorably finished his work. In truth, this work 
was of such a nature that the worker could not be expected long to 
survive its completion. 

It is now nearly fifty years since he first began to produce daily 
sketches of the spots that appeared upon the sun’s surface. Every 
day on which the sun was visible (and snch days are more frequent in 
Germany than in this country), with hardly any intermission for 
forty years, this laborious and venerable observer made his sketch of 
the solar disk. At length this nuexampled perseverance met with its 
reward in the discovery of the periodicity of sun-spots, a phenomenon 
which very speedily attracted the attention of the scientitic world. 

It is not easy to overrate the importance of the step gained when 
a periodicity was found to rule these solar outbreaks, ul prior? we 
should not have expected such a phenomenon, If the old astronomers 
were perplexed by the discovery of sun-spots, their successors must 
have been equally perplexed when they ascertained their periodicity. 
For while all are ready to acknowledge periodicity as one of the natural 
conditions of terrestrial phenomena, yet every one is inclined to ask 
what there can be to cause it in the behavior of the sun himself. Mani- 
’ festly it can only have two possible causes. It must either he the 
outcome of some strangely hidden periodical cause residing in the sun 
limself, or must be produced by external bodies, such as planets, act- 
ing somehow in their varied positions on the atmosphere of the sun. 
But whether the cause be an internal or external one, in either case 
we are completely ignorant of its nature. 

We can easily enough imagine a cause operating from the sun him- 
self and his relations with a surrounding medium to produce great 
disturbances on his surface, but we cannot easily imagine why dis- 
turbances so caused should have a periodicity, On the other hand we 
ean easily enough attach periodicity to any effect caused by the plan- 
ets, but we cannot well see why bodies comparatively so insignificant 
should contribute to such very violent outbreaks as we now know sun- 
spots to be. 

If we look within we are at a loss to account for the periodicity of 
solar disturbances, and if we look without we are equally at a loss to 
account for their magnitude. But, since that within the sun is hidden 
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from our view, it cannot surely be considered blameworthy if astrono- 
mers have directed their attention to that without and have endeay- 
ored to connect the behavior of sun-spots with the positions of the 
various planets, Stimulated no doubt by the success which had at- 
tended the labors of Schwabe, an English astronomer was the next to 
enter the field of solar research. 

The aim of Mr. Carrington was, however, rather to obtain very 
accurate records of the positions, the sizes, and the shapes of the 
yarious sun-spots than to make a very extensive and long-continued 
series of observations, He was aware that a series at once very ac- 
curate and yery extended is beyond the power of a private individual, 
and can only be undertaken by an established institution. Neverthe- 
less, cach sun-spot that made its appearance during the seven years 
extending from the beginning of 1854 to the end of 1860 was sketched 
by Mr. Carrington with the greatest possible accuracy, and had also 
its heliographic position, that is to say its solar latitude and longitude, 
accurately determined. 

One of the most prominent results of Mr. Carrington’s labors was 
the discovery of the fact that sun-spots appear to have a proper mo- 
tion of their own—those nearer the solar equator moving faster than 
those more remote. Another was the discovery of changes, apparently 
periodical, affecting the disposition of spots in solar latitude. It was 
already known that sun-spots confined themselves to the suu’s equa- 
torial regions, but Mr. Carrington showed that the region affected was 
liable to periodical elongations and contractions, although his ob- 
servations were not sufficiently extended to determine the exact length 
of this period. 

Before Mr. Carrington had completed his seven years’ labors, celes- 
tial photography had been introduced by Mr, Warren De la Rue. 
Commencing with his private observatory, he next persuaded the Kew 
Committee of the British Association to allow the systematic photog- 
raphy of the sun to be carried on at their observatory under his 
superintendence, and in the year 1862 the first of a ten years’ series 
of solar photographs was begun. Before this date, however, Mr. De la 
Rue had ascertained, by means of his photoheliograph, on the occasion 
of the total eclipse of 1860, that the red prominences surrounding the 
eclipsed sun belong, without doubt, to our luminary himself. 

The Kew observations are not yet finally reduced, but already sev- 
era] important conclusions have been obtained from them by Mr. De 
la Rue and the other Kew observers. In the first place the Kew 
photographs contirm the theory of Wilson that snn-spots are phenom- 
ena, the dark portions of which exist at a level considerably beneath 
the general surface of the sun; in other words, they are hollows, or 
pits, the interior of which is of course filled up with the solar atmos- 
phere. The Kew observers were likewise Iced to associate the low 
temperature of the bottom of sun-spots with the downward carriage 
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of colder matter from the atmosphere of the sun, while the upward 
rush of heated matter was supposed to account for the facule or bright 
patches which almost invariubly accompany spots, Ju the next place 
the Kew observers, making use not only of the Kew series but of those 
of Schwabe and Carrington, which were generously placed at their dis- 
posal, have discovered traces of the influence of the nearer planets 
upon the behavior of sun-spots. ‘This influence appears to be of such 
a nature that spots attain their maximum size when carried by rota- 
tion into positions as far as possible remote from the influencing planet 
—that is to say, into positions where the body of the sun is between 
them and the planet. There is also evidence of an excess of solar ac- 
tion when two influential planets come near together. But, although 
considerable light has thus been thrown on the periodicity of sun- 
spots, it ought to be borne in mind that the cause of the remarkable 
period of eleven years and a quarter, originally discovered by Schwabe, 
has net yet been properly explained. The Kew observers have like- 
wise discovered traces of a peculiar oscillation of spots between the 
two hemispheres of the sun, and finally their researches wil: plaee at 
the command of the observers the data for ascertaining whether cen- 
tres of greater and lesser solar activity are connected with certain 
heliocentric positions. 

While the sun’s surface was thus being examined both telescopi- 
eally and photographically, the spectroscope came to be employed as 
an instrument of research, It had already been surmised hy Prof. 
Stokes, that the vapor of sodium at a comparatively low temperature 
forins one of the constituents of the solar atmosphere, inasmuch as the 
dark line D in the speetrum of the sun coincides in position with the 
bright line given out by incandescent sodium-vapor, 

This method of research was greatly extended by Kirchloff, who 
soon found that many of the dark lines in the solar spectrum were co- 
incident with the bright lines of sundry incandescent metallic vapors, 
and a good beginning was thus made toward ascertaining the chemi- 
cal constitution of the sun. 

The new method soon brought forth further fruit when applied in 
the hands of Huggins, Miller, Secchi, and others, to the more distant 
heavenly bodies, It was speedily found that the fixed stars had con- 
stitutions very similar to that of the sun. But a peeuliar and unex- 
peeted success was attained when some of the nebule were examined 
speetroscopically, To-day it seems (so rapidly has knowledge pro- 
gressed) very much like recatling an old superstition to remind you 
that until the advent of the spectroscope the irresolvable nebule were 
considered to he gigantic and remote clusters of stars, the individual 
members of which were too distant to be separated from each other 
even with a telescope like that of Lord Rosse. But Mr. Uuggins, by 
means of the spectroscope, soon found that this was not the case, and 
that most of the nebule which had defied the telescope gave indica- 
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tions of incandescent hydrogen gas. It was also found by this ob- 
server that the proper motions of some of the fixed stars in a direction 
to or from the earth might be deteeted by means of the displacement 
of their spectral lines, a method of research which was first enunciated 
hy Fizean. Hitherto, in snch applications of the spectroscope, the 
body to be examined was viewed as a whole. It had not yet been at- 
tempted to localize the use of this instrument so as to examine par- 
ticular districts of the sun, as for instance a sun-spot, or the red flames 
already proved by De la Rue to belong to our luminary. This apphi- 
cation was first made by Mr. Lockyer, who in the year 1865 examined 
a sun-spot spectroscopically, and remarked the greater thickness of the 
lines in the spectrum of the darker portion of the spot. 

Dr. Frankland had previously found that thick spectral lines cor- 
respond to great pressure, and hence the inference from the greater 
thickness of lines in the umbra of a spot is that this umbra or dark 
portion is subject to a greater pressure; that is to say, it exists below 
a greater depth of the solar atmosphere than the general surface of the 
sun, Thus the results derived from the Kew photoheliograph and 
those derived from the spectroscope were found to confirm each other. 
Mr. Lockyer next caused a powerful instrument to be constructed for 
the purpose of viewing spectroscopically the red flames round the sun’s 
border, in the hope that if they consisted of ignited gas the spectro- 
scope would disperse, and thus dilute aud destroy the glare which pre- 
vents them from being seen on ordinary occasions. 

Before this instrument was quite ready these flames had been an- 
alyzed spectroscopically by Captain Herschel, M, Janssen, and others, 
on the oceasion of a total eclipse oceurring in India, and they were 
found to consist of incandescent gas, most probably hydrogen. But 
the latter of these observers (M. Janssen) made the important obser- 
vation that the bright lines in the spectrum of these flames remained 
visible even after the sun had reappeared, from which he argued that 
a solar eclipse is not necessary for the examination of this region, 

Before information of the discovery made by Janssen had reached 
this country, the instrument of Mr. Lockyer had been completed, and 
he also found that by its means he was able to analyze at leisure the 
composition of the red flames without the necessity of a total eclipse. 
An atmosphere of incandescent hydrogen was found to surround our 
luminary, into which, during the greater solar storms, sundry metallic 
vapors were injected—sodinm, magnesium, and iron, forming the three 
that most frequently made their appearance. 

Here we come to an interesting chemical qnestion, 

It had been remarked by Maxwell and by Pierce as the result of 
the molecular theory of gases that the final distribution of any num- 
ber of kinds of gas in a vertical direction under gravity is such that 
the density of each gas at a given height is the same as if all the other 
gases had been removed, leaving it alone. In our own atmosphere 
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the continual disturbances prevent this arrangement from taking place, 
but in the sun’s enormously extended atmosphere (if, indeed, our lumi- 
nary be not nearly all gaseous) it appears to hold, inasmuch as the 
upper portion of this atmosphere, dealing with known elements, ap- 
parently consists entirely of hydrogen. Warious other vapors are, 
however, as we have seen, injected from below the photosphere into 
the solar atmosphere on the oceasion of great disturbances, and Mr. 
Lockyer has asked the question, whether we have not here a true in- 
dication of the relative densities of these various vapors derived from 
the relative heights to which they are injected on such occasions. 

This question has been asked, but it has not yet received a definite 
solution, for chemists tell us that the vapor densities of some of the 
gases injected into the sun’s atmosphere on the occasion of disturb- 
ances are, as far as they know from terrestrial observations, different 
from those which would be indicated by taking the relative heights 
attained in the atmosphere of the sun. Mr. Lockyer has attempted to 
bring this question a step nearer to its solution by showing that the 
vapors at the temperatures at which their vapor densities have been 
experimentally determined are not of similar molecular constitution, 
whereas in the sun we get an indication, from the fact that all the ele- 
ments give us line spectra, that they are in similar molecular states. 

Without, however, attempting to settle this question, I may remark 
that we have here an interesting example of how two branches of 
science—physics and chemistry—meet together in solar research. 

It had already been observed by Kirchhoff that sometimes one or 
more of the spectral lines of an elementary vapor appeared to be re- 
versed in the solar spectrum, while the other lines did not experience 
reversal, Mr. Lockyer succeeded in obtaining an explanation of this 
phenomenon. This explanation was found by means of the method of 
localization already mentioned. 

Hitherto, when taking the spectrum of the electric spark between 
the two metallic poles of a coil, the arrangements were such as to give 
an average spectrum of the metal of these poles; bat it was found that, 
when the method of localization was employed, different portions of 
the spark gave a different number of lines, the regions near the ter- 
minals being rich in lines, while the midway regions give compara- 
tively few. 

If we imagine that in the midway regions the metallic vapor given 
off by the spark is in a rarer state than that near the poles, we are 
thus led to regard the short lines which cling to the poles as those 
which require a greater density or nearness of the vapor-particles be- 
fore they make their appearance ; while, on the other hand, those which 
extend all the way between the two poles come to be regarded as 
those which will continue to make their appearance in vapor of great 
tenuity. 

Now, it was remarked that these long lines were the very lines 
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which were reversed in the atinosphere of the sun. Tence, when we 
observe a single coincidence between a dark solar Hne and the bright 
line of any metal, we are further led to inquire whether this bright 
line is one of the long lines which will continue to exist all the way 
between two terminals of that metal when the spark passes, 

Tf this be the case, then we may argue with much probability that 
the metalin question really occurs in the solar atmosphere ; but if, on 
the other hand, the coincidence is merely between a solar dark line 
and a short bright one, then we are led to imagine that it is not a true 
coincidence, but something which will probably disappear on further 
examination, This method has already afforded us a means of deter- 
mining the relative amount of the various metallic vapors in the sun’s 
atmosphere. Thus, in some instances all lines are reversed, whereas 
in others the reversal extends only to a few of the longer Hnes, 

Several new metals have thus been added to the list of those pre- 
viously detected in the solar atmosphere, and it is now certain that 
the vapors of hydrogen, potassium, sodium, rubidiun, barium, stron- 
tium, calcium, magnesium, aluminium, iron, mangauese, chromium, 
cobalt, nickel, titanium, lead, copper, cadminm, zinc, uranium, ceriun, 
vanadium, and palladium, occur in our luminary. 

I have spoken hitherto ouly of telescopic spectroscopy ; but pho- 
tography has been found capable of performing the same good service 
toward the componnd instrument consisting of the telescope and its 
attached spectroscope, which it had previously been known to perform 
toward the telescope alone. It is of no less importance to secure a 
permanent record of spectral peculiarities than it is to secure a perma- 
nent record of telescopic appearances, This application of photogra- 
phy to spectrom observations was first commenced on a sufticient seale 
by Mr. Rutherford, of New York, and already promises to be one of 
the most valuable aids in solar inquiry. 

In connection with the spectroscope I onght here to mention the 
names of Respighi and Seechi, who haye done much in the examina- 
tion of the solar surface from day to day. It is of great importance 
to the advancement of our knowledge, that two such competent ob- 
servers are stationed in a country where the climate is so favorable to 
continued observation. 

The examination of the sun’s surface by the spectroscope suggests 
many interesting questions connected with other branches of science, 
One of these has already been alluded to. I may mention two others 
put by Mr. Lockyer, premising, however, that at present we are hardly 
in a position to reply to them. It has been asked whether the very 
high temperatures of the sun and of some of the stars may not be suffi- 
cient to produce the disassociation of those molecular structures which 
cannot be disassociated by any terrestrial means; in other words, the 
question has been raised, whether our so-called elements are really 
elementary bodies. 
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A third question is of geological interest. It has been asked whether 
a study of the solar atmosphere may not throw some light upon the 
peculiar constitution of the upper strata of the earth’s surfaee, which 
are known to be of less density than the average interior of our planet, 

If we have learned to be independent of total eclipses as fur as the 
lower portions of the solar atmosphere are concerned, it must be con- 
fessed that as yet the upper portions—the outworks of the sun—can 
only be successfully approached on these rare and precious occasions. 
Thanks to the various government expeditions dispatched by Great 
Britain, by the United States, and by several Continental nations— 
thanks, also, to the exertions of Lord Lindsay and other astronomers 
we are in the possession of definite information regarding the solar 


corona, 

In the first plage, we are now absolutely certain that a large part 
of this appendage unmistakably belongs to our luminary, and in the 
next place, we know that it consists, in part at Jeast, of an ignited gas 
giving a peculiar spectrum, which we have not yet been able to iden- 
tify with that of any known element. The temptation is great to as- 
sociate this spectrum with the presence of something lighter than 
hydrogen, of the nature of which we are yet totally ignorant. 

A peculiar physical structure of the corona has likewise been sus- 
pected. On the whole, we may say that this is the least known, while 
it is perhaps the most interesting, region of solar research; most as- 
suredly it is well worthy of further investigation. 

If we now turn our attention to matters nearer home, we find that 
there is a difficulty in grasping the facts of terrestrial meteorology no 
less formidable than that whieh assails us when we investigate solar 
outbreaks, The latter perplex us because the sun is so far away, and 
becanse also his conditions are so different from those with whieh we 
are here familiar; while, on the other hand, the former perplex us be- 
cause we are so intimately mixed up with them in our daily lives and 
actions ; because, in fact, the seale is so large and we are so near. 
The result has been that until quite recently our meteorological opera- 
tions have been conducted by a band of isolated volunteers individu- 
ally capable and skillful, but from their very isolation incapable of 
combining together with advantage to prosecute a scientific eampaign, 
Of late, however, we have begun to perceive that, if we are to make 
any advance in this very interesting and practical subject, a different 
method must be pursued, and we have already reaped the first fruits 
ofa more enlightened policy; already we have gained some knowledge 
of the constitution and habits of our atmosphere, 

The researches of Wells and Tyndall have thrown much light on 
the cause of dew. Humboldt, Dové, Buys Ballot, Jelinek, Quetelet, 
Hansteen, Kupffer, Forbes, Welsh, Glaisher, and others, have done 
much to give us an accurate knowledge of the distribution of terrestrial 
temperature. Great attention has likewise been given to the rainfall 
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of Great Britain and Ireland, chiefly through the exertions of one in- 
dividual, Mr. G. J. Symons. 

To Dové we are indebted for the law of rotation of the wind, to 
Redfield for the spiral theory of cyclones, to Francis Galton for the 
theory of anti-cyclones, to Buchan for an investigation into the dispo- 
sition of atmospheric pressure which precedes peculiar types of weather, 
to Stevenson for the conception of barometric gradients, to Scott and 
Meldrum for an acquaintance with the disposition of winds which fre- 
quently precedes violent outbreaks ; and, to come to the practical ap- 
plication of laws, we are much indebted to the late Admiral Fitzroy 
and the system which he greatly helped to establish for our telegraphic 
warn'negs of coming storms. 

Again, the meteorology of the ocean has not been forgotten, The 
well-known name of Maury will occur to every one as that of a pioneer 
in this branch of inquiry. Fitzroy, Leverrier, Meldrum, Toynbee, and 
others, have likewise done much; and it is understood that the mete- 
orological offices of this and other maritime countries are now busily 
engaged upon this important and practical subject. Finally, the 
movements of the ocean and the temperatures of the oceanic depths 
have recently been examined with very great success in vessels dis- 
patched by her Majesty’s government; and Dr. Carpenter has by 
this means been able to throw great light upon the convection-eur- 
rents exhibited by that vast body of water which girdles our globe. 

It would be out of place to enter here more minutely into this large 
subject, and already it may be asked what connection has all this with 
that part of the address that went before it. 

There are, however, strong grounds for supposing that the meteor- 
ology of the sun and that of the earth are intimately connected to- 
gether. Mr. Broun has shown the existence of a meteorological period 
connected apparently with the sun’s rotation; five successive years’ 
observations of the barometer at Singapore all giving the period 25.74 
days. Mr. Baxendell, of Manchester, was, I believe, the first to show 
that the convection-currents of the earth appear to be connected some- 
how with the state of the sun’s surface as regards spots; and still 
more recently, Mr. Meldrum, of the Mauritius Observatory, has shown 
by a laborious compilation of ships’ logs, and by utilizing the meteoro- 
logical records of the island, that the cyclones in the Indian Ocean 
are most frequent in years when there are most sun-spots, He likewise 
affords us grounds for supposing that the rainfall, at least in the trop- 
ics, is greatest in years of maximum solar disturbance. 

M. Poey has found a similar connection in the case of the West 
Indian hurricanes; and, finally, Piazzi Smyth, Stone, Kdppen, and still 
more recently, Blanford, have been able to bring to light a cyele of 
terrestrial temperature having apparent reference to the condition of 
the sun. 

Thus, we have strong matter-of-fact grounds for presuming a con- 
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nection between the meteorology of our luminary and that of our 
planet, even although we are in complete ignorance as to the exact 
nature of this bond. 

If we now turn to terrestrial magnetism, the same connection be- 
comes apparent. 

Sir Edward Sabine was the first to show that the disturbances of 
the magnetism of the earth are most violent during years of maximum 
sun-spots, Mr, Broun has shown that there is likewise a reference in 
magnetic phenomena to the period of the sun’s rotation about his axis, 
an observation recently confirmed by Hornstein; and still more re- 
cently, Mr. Broun has shown that the moon has an action upon the 
earth’s magnetism which is not altogether of a tidal nature, but de- 
pends, in part, at least, upon the relative position of the sun and 
moon. 

I must trust to your forbearance if I now venture to bring forward 
considerations of a somewhat speculative nature. 

We are all familiar with the generalization of Hadley, that is to 
say, we know there are under-currents sweeping along the surface of 
the earth from the poles to the equator, and upper-currents sweeping 
back from the equator to the poles, We are likewise aware that these 
currents are caused by the unequal temperature of the earth; they 
are in truth convection-currents, and their course is determined by the 
positions of the hottest and coldest parts of the earth’s surface. We 
may expect them, therefore, to have a reference not so much to the 
geographical equator and poles as to the hottest and coldest regions, 
In fact, we know that the equatorial regions, into which the trade- 
winds rash and from which the anti-trades také their origin, have a 
certain annual oscillation depending upon the position of the sun, or, 
in other words, upon the season of the year. We may likewise ima- 
gine that the region into which the upper-currents pour themselves is 
not the geographical pole, but the pole of greatest cold. 

In the next place we may imagine that these currents, as far as 
regards a particular place, have a daily oscillation. This has, I believe, 
been proved as regards the lower-currents or trade-winds, which are 
more powerful during the day than during the night, and we may 
therefore expect it to hold good with regard to the upper-currents or 
anti-trades ; in fact, we cannot go wrong in supposing that they also, 
as regards any particular place, exhibit a daily variation in the inten- 
sity with which they blow. 

Again, we are aware that the earth isa magnet. Let us not now 
concern ourselves about the origin of its magnetism, but rather let us 
take it as it is. We must next bear in mind that rarefied air is a good 
conductor of electricity ; indeed, according to recent experiments, an 
extremely good couductor. The return-trades that pass above from 
the hotter equatorial regions to the poles of cold, consisting of moist 
rarefied air, are therefore to be regarded in the light of good conduct- 
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ors crossing lines of magnetic force; we may therefore expect them 
to be the vehiele of electric currents. Such electric currents will of 
course react on the magnetism of the earth, Now, since the velocity 
of these upper-currents has a daily variation, their influence, as exhib- 
ited at any place upon the magnetism of the earth, may be expeeted 
to have a daily variation also. 

The question thus arises, Have we possibly here a cause which may 
account for the well-known daily magnetic variation? Are the pecu- 
Harities of this variation such as to correspond to those which might 
be expected to belong to such electric currents? I think it may be 
said that, as far as we can judge, there is a likeness of this kind between 
the peculiaritics of these two things, but a more prolonged scrutiny 
will of course be essential before we can be absolutely certain that 
such currents are fitted to produce the daily variation of the earth’s 
magnetisin. 

Besides the daily and yearly periodic changes in these upper con- 
vection-cutrents we should also expect occasional and abrupt changes 
forming the counterparts of those disturbances in the lower strata 
with which we are familiar. And these may be expected in like man- 
ner to produce non-periodic occasional disturbances of the magnetism 
of the earth. Now, it is well known that such disturbances do occur; 
and, further, that they are most frequent in those years when cyclones 
are most frequent; that is to say, in years of maximum sun-spots. In 
one word, it appears to be a tenable hypothesis to attribute at least 
the most prominent magnetic changes to atmospheric motions taking 
place in the upper regions of the atmosphere where each moving stra- 
tum of air becomes a conductor moving across lines of magnetic force ; 
and it was Sir William Thomson, I believe, who first suggested that 
the motion of conductors across the lines of the earth’s magnetic force 
must be taken into account in any attempted explanation of terrestrial 
magnetism, 

It thus seems possible that the excessive magnetic disturbances 
which take place in years of maximum sun-spots may not be directly 
caused by any solar action, but may rather be due to the excessive 
meteorological disturbances which are likewise characteristic of such 
years. On the other hand, that magnetic and meteorological influence 
which Mr. Broun has found to be connected with the sun’s rotation 
points to some unknown direct effect produced by our luminary, even 
if we imagine that the magnetic part of it is cansed by the meteoro- 
logical. Mr, Broun is of opinion that this effect of the sun does not 
depend upon the amount of spots on his surface. 

In the next place, that influence of the sun, in virtue of which we 
have most cyclones and greater meteorological disturbance in the 
years of maximum spots, cannot, I think (as far as we know at pres- 
ent), be attributed to a change in the heating power of the sun. We 
have, no doubt, traces of a temperature effeet which appears to depend 
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upon the sun-period, but its amount is very small, whereas the varia- 
tion in cyclonic disturbance is very great. We are thus tempted to 
associate this ¢yclone-producing influence of the sun with something 
different from his light and heat. As far, therefore, as we can judge, 
our Juminary would appear to produce three distinet effects upon our 
globe. In the first place, a magnetic and meteorological effect, de- 
pending somehow upon his rotation; secondly, a cyclonic effeet, de- 
pending somehow upon the disturbed state of-his surface ; and, lastly, 
the well-known light and heat effeet with which we all are familiar. 

If we now turn to the sun, we find that there are three distinet 
forms of motion which animate his surface-particles. In the first 
place, each particle is carried round by the rotation of our luminary. 
Secondly, each particle is influenced by the gigantie meteorological 
disturbances of the surface, in virtue of which it may acquire a veloci- 
ty ranging as high as one hundred and thirty or one hundred and 
forty miles a second; and lastly, each particle, on account of its high 
temperature, Is vibrating with extreme rapidity, and the energy of 
these vibrations communicated to us by means of the ethereal medium 
produces the well-known light and heat effect of the sun, 

Now, is it philosophical to suppose that it is only the last of these 
three motions that influences our earth, while the other two produce 
absolutely no effect ? On the contrary, we are, I think, compelled, by 
considerations connected with the theory of energy, to attribute an 
influence, whether great or small, to the first two as well as to the 
last. 

We are thus led to suppose that the sun must influence the earth 
in three ways, one depending on his rotation, another on his meteoro- 
logical disturbance, and a third by means of the vibrations of his 
surface-particles. 

But we have already seen that, as a matter of fact, the sun does 
appear to influence the earth in three distinct ways—one magnetically 
and meteorologically, depending apparently on his period of rotation ; 
a second cyelonically, depending apparently on the meteorological 
conditions of his surface; and a third, by means of his light and heat. 

Is this merely a coincidence, or has it a meaning of its own? We 
cannot tell, but I may venture to think that, in the pursuit of this 
problem, we ought to be prepared at least to admit the possibility of 
a threefold influence of the sun. 

Even from this very meagre sketch of one of the most interesting 
and important of physical problems, it cannot fail to appear that while 
a good deal has already been done, its progress in the future will very 
greatly depend on the completeness of the method and continuity of 
the observations by which it is pursued. We have here a field which 
is of importance not merely to one, or even to two, but almost to every 
conceivable branch of research, 

Why should we not erect in it a sort of science-exchange, into 


86 THE POPULAR SCIENCE MONTHLY, 


which the physicist, the chemist, and the geologist, may each carry 
the frnits of his research, receiving back in return some suggestion, 
some principle, or some other scientific commodity that will aid him 
in his own field? But to establish such a mart must be a national un- 
dertaking, and already several nations have acknowledged their obl- 
gations in this respect. 

Already the German Government have established a Sonnenwarte, 
the mere building and equipment of which is to cost a large sum. 
With an appreciation of what the spectroscope has done for this 
inquiry, the first directorship was offered to Kirchhoff, and, on his 
declining it, err Vogel has been placed in charge. In France, also, a 
physical observatory is to be erected at Fontenay, on an equal, if not 
greater scale, of which Janssen has already accepted the directorship ; 
while in Italy there are at least three observatories exclusively de- 
voted to this branch of research. Nor must we forget that in this 
country the uew observatory at Oxford has been so arranged that it 
can be employed in such inquiries. But what has England as a na- 
tion done ? 

Some years since, at the Norwich meeting of this Association, a 
movement was set on foot by Colonel Strange, which resulted in the 
appointment of a royal commission on the advancement of science, 
with the Duke of Devonshire as chairman. This commission have 
quite recently reported on the steps that ought in their opinion to be 
taken for the advancement of scientific research, 


One of their recommendations is expressed in the following words: 
i] 


“Tmportant classes of plienomena relating to physical meteorology and to 
terrestrial and astronomical physics require observations of such a character 
that they cannot be advantageously carried on otherwise than under the direc- 
tion of Government. Institutions for the study of such phenomena should be 
maintained by the Government; and, in particular, an observatory should be 
founded specially devoted to astronomical physics.” 


If the men of science of this country who procured the appointment 
of this commission, and who subsequently gave evidence betore it, will 
now come forward to support its recommendations, it can hardly be 
doubted that these will be speedily carried into effect. 

But other things besides observations are necessary, if we are to 
pursne with advantage this great physical problem. 

One of these is the removal of the intolerable burden that has 
hitherto been laid upon private meteorologists and magneticians. 
Expected to furnish their tale of bricks, they have been left to find 
their own straw. Nothing more wretched can be imagined than the 
position of an amateur—that is to say, a man who pursnes science for 
the love of it, and is unconnected with any establishment—who has 
set himself to promote observational inquiries, whether in meteorology 
or magnetism. 
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He has first to obtain with great expenditure of time or money, or 
both, copies of the individual observations taken at some recognized 
institution. He has next to reduce tlicse in the way that suits his 
inquiry ; an operation again consuming time and demanding means, 
Let us suppose all this to be successfully accomplished, and a valuable 
result obtained, It is doubtless embodied in the transactions of some 
society, but it excites little enthusiasm, for it consists of something 
which cannot be repeated by every one for himself like a new and in- 
teresting experiment. Yet the position of such men has recently been 
improved, Several observatories and other institutions now publish 
their individual observations; this is done by our Meteorological 
Office, while Dr. Bergsina, Dr. Neumayer, and Mr. Broun, are recent 
examples of magneticians who have adopted this plan. The publica- 
tion of the work of the latter is due to the enlightened patronage of 
the Rajah of Travancore, who has thus placed himself in front of the 
princes of India, and given.them an example which it is to be hoped 
they will follow. But this is only one step in the right direction; 
another must consist in subsidizing private meteorologists and mag- 
neticians in order to enable them to obtain the aid of computers in 
reducing the observations with which they have been furnished. The 
man of science would thus be able to devote his knowledge, derived 
fron long study, to the methods by which results and the laws regu- 
lating them are to be obtained; he could be the architect and builder 
of a scientific structure withont being forced to waste his energies on 
the work of a hodman, 

Another hindrance consists in our deficient knowledge as to what 
observations of value in magnetism and meteorology have already 
been made. We ought to have an exhaustive catalogue of all that 
has been done in this respect in our globe, and of the conditions under 
which the various observations will be accessible to outside inquirers. 
A catalogue of this kind has been framed by a committee of this Asso- 
ciation, but it is confined to the dominions of England, and requires 
to be supplemented by a list of that which has been done abroad. 

A third drawback is the insuflicient nature of the present facilities 
for the invention and improvement of instruments, and for their veri- 
fication, 

We have, no doubt, advanced greatly in the construction of instrn- 
ments, especially in those which are self-recording. The names of 
Brooke, Robinson, Welsh, Osler, and Beckley, will oecur to us all as 
improvers of our instruments of observation. Sir W. Thomson has 
likewise adapted his electrometer to the wants of meteorology. Dr. 
Roscoe has given us a self-recording actinometer, but a good instru- 
ment for observing the sun’s heat is still a desideratum. It ought 
likewise to be borne in mind that the standard mercurial thermometer 
is by no means a perfect instrument. 

Tn conclusion, it cannot be doubted that a great generalization is 
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looming in the distance—a mighty law we cannot yet tell what, that 
will reach us, we cannot yet say when. It will involve facts hitherto 
inexplicable, facts that are scarcely received as such because they ap- 
pear opposed to our present knowledge of their causes, Lt is not pos- 
sible perlaps to hasten the arrival of this generalization beyond a cer- 
tain point ; but we ought not to forget that we cur liasten it, and that 
it is our duty to do so. It depends much on ourselves, our resolution, 
our earnestness ; on the scientific policy we adopt, as well as on the 
power we may have to devote onrselyes to special investigations, 
whether such an advent shall be realized in our day and generation, 
or whether it shall be indefinitely postponed. If governments would 
understand the ultimate material advantages of every step forward in 
science, however inapplicable each may appear for the moment to the 
wants or pleasures of ordinary life, they would find reasons patent to 
the meanest capacities fur bringing the wealth of mind, now lost on 
the drudgery of common labors, to bear on the search for those won- 
drous laws which govern every movement, not only of the mighty 
masses of our system, but of every atom distributed throughout 
space.—WVature. 
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SUICIDE IN LARGE CITIES. 
By ALLAN MoLANE HAMILTON, M. D. 


HE increased importance attached to the study of the relations 

of mind and body (the impetus to such study we have to thank 

Mr. Maudsley for) enables us to pursue our examination of certain 

psychical states to greater advantage than in former years. The in- 

vestigation of suicide is now made much more clear as regards both 

the motive, behavior, and characteristics of the individual who takes 

his own life, and by the antecedents of his previous health, and other 
physical influences, 

The object of this paper is to discuss the prevalence of this crime 
in large cities, its causes both moral and physical, and certain sanitary 
conditions which affect them. My observations have been made for 
the most part in New York, the largest city of the continent, and, as 
the most cosmopolitan, it offers an interesting field for research. I 
have made comparisons between the statistics of London and Paris, 
and, although it is impossible to obtain the most recent records of 
these two citics, I think a few hints may be gained that will be of 
value in preventing its increase. Statistics do not give us definite in- 
formation upon the questions of heredity, cerebral injuries, neuroses, 
or other valuable aid in drawing conclusions, so that many important 
links are left out of the chain, 

In all large cities the number of suicides is governed, to a great 
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extent, by the habits, tastes, and moral culture of the people, and, back 
of this, by the national characteristics. For example, the French, no- 
torious for their indifference to life, their general volatility, frequent 
political troubles, and exaggerated morbid sentimentality, are cele- 
brated for the propensity to end life by their own hands. 

Paris has been, and always will be, celebrated for the prevaletice 
of this crime. The late Forbes Winslow, in his “ Anatomy of Suicide,” 
called particular attention to this national failing of the French. They 
pursue it as an agreeable mode of getting relief from their troubles, 
and, from the statesman, who blows his brains ont to escape political 
disgrace, to the griseite of former days, who shut herself up with her 
little pan of charcoal, to seek oblivion from her ruin, the crime is a 
general one. Montesquieu, on the other hand, asserted that the Eng- 
lish are notably a suicidal race, and that London, with its fogs and 
cheerlessness, is more of a city for suicides than Paris. Forbes Win- 
slow denied this, and demonstrated that fogs had no influence what- 
ever upon suicides; or, at least, that there were fewer suicides in 
fogyy months than in more pleasant ones. Our own statistics sub- 
stuntiate this, as will be shown further on, and the months of April, 
May, June, July, and August, really the most pleasant of the year as 
regard sunshine, are those in which more people kill themselves. 

The gravity and stolidity of the English people would rather show 
in their favor as regards this crime. In the year 1810 the number of 
suicides in London amounted to 188. Comparison with French statis- 
tics of the same year proved that five times as many Parisians as 
Londoners took this means for ending their days. French statistics 
show the excessive mortality from this cause. In the year 1806, 60 
suicides were reported in Rouen, an extremely small city; in 1793, 
1,300 in Versailles. Paris, from 1827 to 1830, furnished 6,900 suicides, 
au average of nearly 1.8 per year. In recent years, we have better 
statistical returns to work upen. 

In the year 1858 the population of London was 2,720,607, and the 
number of suicides 288. The youngest of these was ten years, and 
the oldest eighty-five. Tn Paris, in 1858, the population was 1,053,262. 
There were 463 suicides, an immense number in excess of London sev- 
eral years later. In Turin, from 1855 to 1859, there were 108 suicides, 
making an average of 21a year. In Rome, in 1871, there were only 
15 suicides, showing that self-murder is very uncommon among the 
Italians. In the city of New York, between the years 1866 and 1872, 
there were 678 suicides, being an increase of 100 in the last year over 
the first; 511 males, 167 females. For the three years, 1870, 1871, and 
1872, there were 359 suicides, 132 being Germans, a very large per- 
centage. As regards matrimonial condition during these years, I find 
there were 17 married persons, 118 single, 43 widows and widowers, 
and 27 whose condition was not stated: 275 were males and 84 were 
females; the age of the oldest was eighty-six, and that of the young- 
est ten. 
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The cause for the suicide of the latter was remarkable. She was 
detected in a theft of fifty cents, by her mother, and, to seck escape 
from her shame, took Paris-green. The months in which suicide was 
inmost prevalent were those of summer. In August, 1870, there were 
15 suicides, while in December only 7, In June, the following year, 
there were 14, and July of 1872 shows 20, and December only 4. 

In regard to oecupation, clerks commit suicide the most frequent- 
ly, about 34 in 1870, 1871, and 1872, and but 10 laborers in the same 
time. The pereentnge of laborers abroad is greater than any other. 
The mode of suicide most often employed in the city of New York is 
that of poisoning—212 out of nearly 600 persons have died from sone 
forin of poisoning. The preference seems to be for arsenic; usually 
its commonest form—Paris-green, In 1872, of 50 poisoning cases, 22 
took Paris-green; the others chose either opium, carbolic acid, or 
other irritants. In 1871, 14 took Paris-green. Nearly all of the sui- 
cides chose violent and painful poisons, there being but few excep- 
tions. One individual ended his days by hydrate of chloral; the 
other, a druggist, with prussic acid. Three took chloroform. Shoot- 
ing ended the lives of 147 persons; 135 hung themselves. In only 
one or two instances was any ingenuity shown in the suicides: one of 
these individuals first shot himself, and then jumped out of the win- 
dow ; the other threw himself in front of an advancing locomotive. 
In London, hanging seems to have been the method most in vogne, 
for, in the year 1858, 56 persons perished in this way. 

A. Brierre de Boismont, in his “Recherches Médico-Légale sur 
Suicide,” Paris, 1859, collected 4,595 cases, carbonic-acid gas and 
drowning being the favorite modes for self-murder with men, and 
strangulation with women. Of 463 suicides oceurring in the year 
1853, 92 men perished by carbonic-acid gas, 93 by drowning, and 131 
women died by strangulation, he more ancient statistics show that 
voluntary starvation was a common form of snicide in the beginning 
of this century. The motive for suicide in the reported cases was 
extremely difficult to discover. Of the 463 eases in Paris in 1853, 
insanity produced the suicide of 53 men, 37 women; drunkenness, 48 
men, 14 women; misery and grief, 20 men, 8 women; disappointed 
love, 28 men, 20 women; shame, 18 men, 9 women; domestic tronble, 
18 men, 15 women; weariness of life, 20 men, 7 women; discase, 27 
men, 19 women; fear of the law, 16 men, 2 women; ill-lnck, 23 men, 
14 women; trouble with parents, 5 men, 5 women; loss of situation, 
8 men; loss of parents, 1 woman. By this table, it will be seen that 
insanity canses the largest number of suicides, both of men and 
women; drunkenness comes next, and disease third. 

In regard to the form of suicide with fire-arms, Boismont shows, 
by a carefully-arranged table, that the greatest number shoot them- 
selves in the mouth, seventy-five per cent. choosing this means, 

Out of 368 cases, 234 shot themselves in the mouth, 71 in the ab- 
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domen and thorax, 26 in the temple, and but 1 in the ear, thus show- 
ing a knowledge of the vital parts of the body. In illustration of the 
coolness aud resolution of these suicides, he found that 85 left wills. 
The ehirography of letters and yarious communications written before 
death was steady and natural, not betraying any signs of weakness, 
trembling, or irresolution on the part of the writers. Parisian statis- 
tics prove that of 3,518 cases, 2,094 occurred in the daytime, 766 in 
the evening, and 658 at night, proving that daylight is most agrecable 
for this kind of work. The ages at which suicide seems to be most 
often resorted to are between forty and fifty among the men, and 
forty-five and fifty-five among the women. 

The greatest number of suicides in the eity of New York, as I have 
said, are by poison, and this mode of self-destruction being the favorite 
one, we are naturally led to inquire why it should be so. When we 
take into consideration the looseness of our present laws regarding 
the sale of poisonous drugs, and the comparative ease by which sni- 
cides can procure the agents for their destruction, we have very little 
cause for wonderment. The number of eases of accidental death 
which have occurred through the criminal earelessness of certain drug- 
gists, who deal the most deadly drugs to persons unknown to them, is 
worthy of serious comment. There appears to be no difficulty for the 
would-be suicide to buy just what poison he desires. A large proyor- 
tion of the inbabitants of great cities are confirmed in certain perni- 
cious habits. Among them are opium-eating and chloroform-taking, 
which they pursne to what extent they choose, as these articles are 
always to be had. 

It is needless to say that the opium-habit, like alcoholism, fre- 
quently leads to self-destruction. 

In this country, upon several occasions, certain individuals have 
taken their own lives after insuring them, that the poliey might be 
paid to the family of the suicide. This is an example of a very inter- 
esting psyehical condition. Aleoho] and its secondary effects have 
swelled the number of suicides, and the victims who have died by 
their own hands have been equally of the higher and the lower classes 
in this country. I think a great increase in the returns of mortality 
of this especial variety of suicide would be observed if the reporting 
physicians would conscientiously state the cause of death. ‘The shame 
attached to the procedure, particularly among people of position, has 
prompted the return to be made of “ meningitis,” “cerebral conges- 
tion,” or other diseases, Within the last two years, I ean call to my 
mind the suicide of six people of high social position, caused by drink. 
This vice is perhaps not entirely characteristic of large towns, but the 
facility for indulgence of the habit, and the numerous ways of drink- 
ing in private, are more perfect in the cities. 

In smaller places, there is a certain amount of contact with one’s 
fellows, which makes him the cynosure of all eyes, should he indulge 
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too freely. As I have before said, the busy life men lead in the 
metropolis, and the necessity for brain-stimulus, accelerate the facilis 
descensus. The disgrace of men in high position, impending ruin and 
other facts, will often prompt suicide as a mode of relief. 

A form of suicide which figares largely in American statistics is, 
jumping from an elevation. This may be chosen by the individual 
as an effectual method, if he hesitates to select one, or may be the re- 
sult of a momentary state of delirium produced by the surroundings. 
This latter is a common form in some European cities that contain 
high churches, monuments, or towers. I lave myself experienced a 
morbid desire of this character, after an ascent of the Mountain Cor- 
eovado, in the harber of Rio de Janeiro. When looking over a steep 
precipice upon this bay, two thousand or more feet below, I felt a 
strange restlessness and distention of the blood-vessels, with an irre- 
sistible desire to leap out into the clear air. This disappeared when I 
looked upon some object near by. A medical friend relates a case in 
his own experience. He went with an acquaintance up into a very 
high, unfinished public building. There was no evidence of insanity 
in his acquaintance, When my friend’s back was turned, his compan- 
ion jumped far out into the air, and fell mangled to the sidewalk, In 
France this form of suicide is a very common one, 45 individuals in 
the year 1820 having precipitated themselves from heights. In the 
year 1852, 16 men and 19 women chose this means of self-murder, So 
prevalent were those suicides, that the authorities refused admission 
to the Column Vendéme. AsI have before said, this method is not 
an unusual one. In New York, between the years 1866 and 1872, 
there were 21 victims. 

Dr. C. P. Russell, of New York, has informed me of a friend who 
is to such an exteut the subject of the impulse to throw himself from 
heights, that he will never sleep upon the third or fourth floor of any 
dwelling. 

The impulse to commit suicide with sharp-cutting instruments has 
been more common in the European cities than those of this country, 
and, ia the majority of instances, suicide by these weapons has been 
resorted to by insane subjects. 

A most important study in connection with this subject is the in- 
fluence of the mode of life of the poorer classes. I allude more par- 
ticularly to the tenement-house system—to the colonization of many 
thousand people in a limited space, much too small for them. They 
are brought together so, that every vice becomes, to a great degree, 
contagious. Bad examples are followed by the younger generation, 
and it is much easier for a seed of sin to take root here than one of 
virtue, Families of several nationalities ‘are closely packed together 
in front and rear houses. Ground and labor are so expensive, in the 
larger cities particularly, that this mode of living is unavoidable, 

Despite the earnest efforts of an efficient health board in the city 
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of New York, many radical defects exist, and ventilation, light, and 
drainage, are defective in the extreme. Diseases of the nervous sys- 
tem, principally of the trophic character, exist to a great extent, as 
results of imperfect lighting and ventilating. 

In the tive years preceding 1872 the deaths from nervons diseases 
in New York averaged 3,155.8, and for the years 1871 and 1872 were 
over 6,000, an unusually large proportion, the number of deaths from 
all causes being 59,623, The vices attending the colonization of the 
working-class (a great many do not work) are contagious, the moral 
contact of the vicious with the pure is certain to occur, the ruin of 
young girls, and clepression of tone, are powerful inducers of suicide. 

The American people partake of the characteristics of their trans- 
atlantic brethren, They are impulsive, energetic, enterprising, emo- 
tional, liable to excessive mental depression or exaltation. We have 
all the different bloods of Europe in our veins. We lead, however, 
an individual life of our own, a life as original and striking as other 
startling peculiaritics of our country. We live too fast; we make 
and lose fortunes in a day; we acquire professional educations in a 
few years which take ordinary individuals as many more to get the 
rudiments of in Europe. It is any thing but festing lente here. The 
seeds of every national soil are sown, and take root before we can 
employ measures to suppress them. Every thing that can excite the 
emotions, make tense the mental faculties, and suddenly relax them, 
is among us. Speculations and stupendous schemes, which in older 
countries take several heads instead of one to mature, erush down the 
nervous system of men who work themselves to death, hardly taking 
time to eat, meanwhile living upon stimulants to enable them to stand 
the strain. 

There is another class—I allude to the poor, The newspaper ac- 
counts of the miserable suicide in his upper attic tell this story every 
day. These subjects are chiefly foreigners, deluded to this country 
by unfounded expectations of fortunes to be made. 

Only a few days ago I read in one of the daily papers that it was 
not an uncommon occurrence for immigrants to ask of the officials at 
Castle Garden, in perfect good faith, positions as insurance officers, 
bank officers, and other unattainable positions. 

Many thousand Italians were sent here by rascally agents in their 
own country several years ago. They were promised work by these 
individuals, but on their arrival found none. They reached New York 
in mid-winter, and many of them found their way into the workshops 
and almshouses. Misery and suffering were prevalent. Among im- 
migrants, particularly the Germans, there is a great disposition to 
suicide, and physical suffering doubtless awakens any hereditary ten- 
dency that may lie dormant. A great percentage remain at the sea- 
port, looking for work. New York is particularly affeeted in this way. 
Immigrants come here, probably in most instances from occupations 
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much more steady and remunerative in comparison to any found here; 
tradespeople, skilled workmen, and mechanics, often commit suicide, 
who find it difficult to obtain employment, and finally hunger and 
disappointment drive them to this step. 

The prevalence of strikes, and trades-unions, with their dangerous 
restrictions and foolish oaths of allegiance, are fruitful causes of sui- 
cide. Men are afraid to work in opposition to the threats of their 
fellow trades-unionists, and, as poverty stares them in the face and 
they become desperate, they commit suicide. 

A necessary attendant upon increase in population is immorality, 
engendered by vice attendant upon civilization. The more depraved 
forms of theatrical amusement found at the low theatre halls, two or 
three of which now exist in New York, wipe out all of the original 
purity from the nature of the weak-minded spectators. The low songs 
at some of these places, abounding in double entendres and suggestive 
gestures, inflame the dormant instincts of lust in the minds of the 
deeply-interested andience. 

Prostitution is a very easy way leading to suicide. The attendant 
vices of this class very soon destroy the mind. Opium-eating, ine- 
briety, and snnffchewing, are habits which nearly all prostitutes 
follow after a time. The classification of these causes of suicide and 
their victims is very incomplete, and prostitution is placed on the 
records in only one instance in 1871, 1872, and 1873, as the calling of 
the individual. 

The prevalence of seduction in large cities is perhaps greater 
among the lower classes—the workers in factories and shops. Indeed, 
the chance for this crime among the many thousand young girls and 
men who are herded together indiscriminately in the large tobacco, 
hoop-skirt, paper-box, and other factories of great cities, is often 
made use of. Suicide follows ruin, though not in as many cases as it 
would in France. JI do not doubt but that the large rivers, npon 
which most American cities are built, give up a great many bodies of 
unfortunates who end their moral ruin by suicide. In fact, the nnm- 
ber of cases reported as “ found drowned” may be assumed in gen- 
eral to be suicidal. 

In our own cities, as I have before shown, clerks seem to be the 
class that most often take their own lives. This seems reasonable 
when we consider the peculiar careers of a great many of them—the 
temptations of vice, the struggles for situation and support, and the 
pitfalls of a large city. 

Iiow shall we prevent the increase of this crime which advances 
at the rate of 300 per cent. in seven years? What sanitary measures 
can be taken to defeat its moral and physical canses ? 

It is a stupendous undertaking. To reduce its statistics would re- 
quire an attack upon our whole social system, 

J have pointed out the rapidity of our way of living, the excessive 
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and unnatural strain upon the brains of business and professional 
men, To diminish this wonld be an almost impossible task. I can 
only suggest a diminution of working hours, the necessity for regular 
meals and habits, and means to prevent large cities from being over- 
stocked by the agricultural classes, who imagine themselves in these 
days particularly fitted for business and professional pursuits. We 
should abolish immoral entertainments, advertising quacks, so-called 
anatomical museums, and obscene and sensational Hterature, as far as 
possible. 

Legislation should strictly regulate the sale of poisonous drugs, aud 
the police should enforce the laws. Friends and relatives of excitable 
and nervous persons should be alive to the necessity of keeping from 
their reach razors, cutting instruments, and poisons. They should also 
endeavor, as far as possible, to prevent the formation of the opium- 
habit, selfadministration of chlorotorin, and alcoholic indulgence. 

Careful watch should be kept on all persons who go up into high 
public buildings, chureh-spires, and other eminences. Physicians 
should employ caution lest their patients should habitually indulge in 
some narcotic drug originally prescribed. The boards of health of 
the different cities cannot be over-zealous in suggesting means for the 
improvement of the dwellings of the poor. Air, light, and ventila- 
tion, should be provided, if possible, for these are absolutely necessary 
for nervous development and healthy cerebration, I have always 
considered the system of small dwellings, that has succeeded so well 
in Philadelphia and other cities, an inestimable boon to the working- 
classes, A healthier moral and physical tone is engendered, both by 
elevating the self-reliance of heads of families, and the abolition of 
moral contamination so prevalent in tenement-house life. 

The establishment of bureaus and other agencies for procuring 
work for immigrants, freeing the cities from the surplus of these peo- 
ple, would prevent much desperation, misery, and self-destruction. 


A HOME-MADE MICROSCOPE. 
By JOHN MICHELS. 


TIE progress of science in recent times is in a great degree due 

to the employment of instrnmental aids to observation; and 
whoever wishes to keep up with this advance, or indecd to gain an 
adequate notion of its extent and interest, can only do so by the 
use of similar means. In the study of chemistry, experiments and 
actual observation of the behavior of substances under various 
conditions, are indispensable ; in physics, multifarious appliances for 
the illustration of principles are constantly required ; in astronomy, 


96 THE POPULAR SCIENCE MONTHLY, 


the telescope is absolutely essential; and, in biology, vast depart- 
ments can be brought within our reach only by the aid of the micro- 
scope. This latter instrument, especially, has a wide range of’ appli- 
cation. The investigations of the anatomist and physiologist cannot 
go on without it; the educated physician has it in daily use; the 
tradesman finds it an important aid in testing the purity of commodi- 
ties; and the student in many departments of physical science is 
obliged to nse it in his work. When to all these considerations we 
add that the manipulation of the microscope, for the purpose of ordi- 
nary observation, may be acquired without much difficulty, and that 
the instrument itself may be procured at a moderate cost, we have 
said enough to justify the assertion that every educated person onght 
to possess a microscope, even as he possesses a collection of books. 


Fig. 1.—ComMPiLete INSTRUMENT. 


To derive advantage from the use of the microscope, it is not ne- 
cessary that one should master all the technicalities of the instrument, 
or be possessed of all the improved appliances for extremely minute 
observations. Professional miecroscopists have recognized the error 
of directing all one’s efforts on such tasks as the resolution of test- 
plates, so long as really urgent work remains undone. Thus, the 
President of the “ Quekett Microscopical Society ” remarked : 

“ Our opticians have gone ahead of the observers, they have placed in our 
hands powerful means of research. I fear the account of the talent committed 
to our charge will not be one of which we may be proud. I fear we are too 
apt to pride ourselves as being the possessors of superior instruments; each man 
pits his instrument in rivalry against his neighbor’s, and rejoices that he can 
beat him in the resolution of Nobert’s test-plate.” 


A HOME-MADE MICROSCOPE. 97 


Mr. Le Neeve Forster, in the above remarks, doubtless strikes at 
the root of an evil that is fast becoming a nuisance, to the utter detri- 
ment of nseful and sound work; the test-slide and diatom fever has 
spread like an infection among all classes of microscopists, and has 
resulted in an extravagant system of expenditure foreign to true sci- 
entific research. I find that $1,650 is now asked for a first-class in- 
strument and fittings, and as much as $40 apicce for diatom-slides. 

These cecentricities of leading mitcroscopists appear to have re- 
ceived protests from various quarters, for the President of the Royal 
Microscopical Socicty, in his last address, states: 

“Tt las been cast at ns, as Fellows of this Society, that we do nothing but 
improve our tvols, or measure the markings on the frustules of a diatom.” ? 


One reason for the confessed poverty of microscopical results may 
be ascribed to the want of sufficient workers to cover so vast a field 
of research. It is to be regretted that many professional men, whose 
occupation would seem to demand the daily use of the microscope, 
deny themselves the facilities it offers, T apprehend that the explana- 
tion of this apparent neglect will be found in the high price asked for 
first-class instruments, and the absence in the market of a good stand- 
ard instrument that combines the advantages of being of the best 
workmanship, full-sized, portable in form, and moderate in price. 

Messrs. Baker, Crouch, Collins, and especially Swift, all of London, 
produce such microscopes, but, as their importation doubles the cost, 
their chief merit of cheapness is lost. In our own country, opticians 
have proved that they can produce work that cannot be surpassed, 
provided that their patrons entertain the same views as Sir Charles 
Surface respecting the expense; but those of more moderate means, 
who wish to purchase a good working microscope at a moderate cost, 
are offered a pretentious displry of foreign and domestie forms, total- 
ly unfit for professional or scientifie use. Tf makers of microscopes 
would take a lesson from the best telescope-makers, and, instead of 
multiplying the namber of their models, combine their energy in the 
production of a good standard instrument, filling the conditions that 
Thave already stated, they would promote the canse of science and 
concentrate their business. 


Fig. 2.—JNSTRUMENT FOLDED FOR CARRIAGE. 


Those who have read the biographical and obituary sketches of 
eminent microscopists have probably noticed that it was a favorite 
pursuit with many of them to make their own instruments. In the 
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Monthly Microscopical Journal, for March last, will be found such a 
notice ineluded in the address of the President of the Royal Micro- 
seopical Society, referring to the death of a Fellow, Mr. John Williams, 
who was also Assistant Seeretary of the Royal Astronomical Society, 
He said: 


“He construeted more than one microscope out of odds and ends, which he 
put together with much skill and ingenuity. His most elaborate microscope 
was made with cardboard tubes and brass-screw adjustments, This instrument, 
when supplied with objectives by Ross and others, eontrasted favorably, in point 
of utility, with constructions of a more costly character.” 


The perusal of this notice, followed by a communication to the 
effect that in some of the London scientifie schools the students are 
required (when practicable) to make all the apparatus they use, has 
prompted me to describe a microscope made by myself about six 
years ago, and whieh is now but little the worse for wear, 

So far as the stand is concerned, it can be easily made at home, at 
a trifling cost. The materials are of a humble character, but the opti- 
cal arrangements are full-sized, and of the highest quality. Within 
the limits of its use this instrnment will exhibit objects with much 
perfection. By a reference to the euts, it will be observed that many 
of the parts are cylindrical, and may be turned on any ordinary lathe 
in a few minutes, 

To make a microscope such as I shall now describe, requires little 
mechanical skill. If my directions are followed, and strict attention 
given to the drawings, no diffieulty will be encountered, but neatness 
and precision are of course essential. First provide a wood rod about 
15 inehes long, and of the cireumference of Fig. 3. 


Fic. 3 Fria. 4, 


Then take some paper of firm texture, and wind it around the rod 
three or four times according to its thickness, applying mucilage all 
the time; immediately withdraw the paper casing, and place on one 
side to dry. This should form a perfeetly true and firm tube. When 
dry, replace it on the rod, and with a sharp knife cut off from each 
end sufficient to leave the remainder 74 inches long. 

The other parts are of wood. I suggest mahogany as the most ap- 
propriate, and susceptible of the best finish; but any well-seasoned, 
hard wood will do. 
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To proceed, make a rod, like an ordinary ruler, 134 inches long, 
and of the diameter of Fig. 4. Now turn, or get turned, a tube, 44 
inches long, the walls of which shall be } of an inch thick; Fig. 5 will 
give the diameter. 


Fig. 5. Fic. 6. 


A part which I call the cradle can now be made; the form is 
shown in section, at Fig. 6; its length must be 3? inches. 

The support for the stage requires no special explanation; a full- 
sized drawing is given at Fig. 7. 

The stage itself can be made of wood, but gutta-percha is better, 


Fic. 7. 


and, if placed in hot water, it can afterward be easily moulded to the 
pattern given at Fig. 9. 

Smooth the surface while still warm with glass plates, and steady 
the back with two strips of wood. The shaded part at the lower edge 
shows a piece of wood fixed thereon to snpport a zodphite trough or 
glass slides. Fig. 10 represents the upper and lower parts of a leg, 
two of which are required, 93 inches long, and the size shown in cut, 
On the upper portion the brass hinged attachment is fixed. 

The appearance of the paper tube, with eye-piece and object-glass 
in position, can be seen at Fig. 11. 
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The parts which have been already described being completed, 
proceed to fix them together with glue. Their correct position can 
be seen at a glance by reference to Fig. 12, 


Fie. 9. 


First fix the cradle, 6, upon the rod, 4—within three-quarters of 
an inch of the end—next the tube, 5, upon the eradle, as shown, The 
stage and support can next be fastened, but first insert the paper 
tube, Fig, 11, in wooden tube, 5, and measure the most convenient 


Fig. 10. 


place to fix the stage, so that the object-glass can approach the object 
without bringing the tube too low down. A trial will at once fix the 
proper spot. 

The legs are attached by screws to the cradle, as seen in Figs. 
1and 2, The whole being now in form, clean and French-polish. 


Fig. 11. 


Also paint the inside of the paper tube a dull black, using drop-black, 
turpentine, and a little Japan varnish to fix color, and the outside 
with a mixture of Indian and common inks, Finally, line tube, 
5, with a piece of fine cloth, If this is neatly done, the paper tube, 
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Fig. 11, will pass and repass as smoothly as the motion of a telescope, 
which is controlled in a similar manner, 

There is no reason why the optical parts should not be made by 
the student, but necessary instructions would require a series of arti- 
cles. Assuming, therefore, that such portions will be purchased, a 
few words on that head may be necessary. 


If only one eye-piece is required, select letter B. Next take tube, 
Fig. 11, to an optician, and ask lim to fit a Royal Microscopical Soci- 
ety screw, Fig. 8, in the centre of a wood block, This block and 
screw must be fastened into one end of the paper tube, and will carry 
the object-glass, 

The last fitting will be the mirror, a reduced drawing of which 
is shown at Fig. 13. 

The mirror should be at least two inches in diameter, and the ring 
which passes over the rod, Fig. 4, shonld be split, and about half an 
inch in breadth, and, beg made somewhat too small, will grip the 
rod, and be free from unsteady movement. ; 


To hold the slide upon the stage in position, pass two moderate- 
sized India-rnbber bands upon each side, and a third crosswise near the 
bottom; a very delicate movement can be given to a slide thus held. 

In regard to object-glasses I have little to add. Such as I shonld 
have specially recommended are not to be obtained in this country; 
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but, to commence operations with, purchase the best 1-inch and 4-inch 
your means will permit. I much regret that the objectives made by 
Gundlach, of Berlin, are not introduced. It would be a boon to those 
who cannot afford to purchase the best glasses, I have seen them 
tested at the Royal Microscopical Society with the most costly ob- 
jectives, where their performance has elicited the highest praise. 
When I state that an immersion ;!, costs in London but £3 10s., 
the price of the low powers can be calculated. 

These ;j,ths have wonderful definition, and can be used upon all 
slides, having the ordinary thin glass cover, a great advantage. Such 
a glass could be sold here for thirty dollars, and the 1-inch and }-inch 
for about ten dollars apiecee. Except for special work, these objec- 
tives answer every purpose. The sketch at Fig. 1 is a correct draw- 
ing of the complete instrument, in position for use; and at Fig. 2, the 
same folded, showing its convenience and portability. The whole 
weighs about a pound, and can be carried, with eye-piece and object- 
glass ready for use, either in a bag or a light box 14 x 34 X 3 inches. 

Those who possess very large instruments will find this model a 
most useful addition for occasional use when traveling or demonstrat- 
ing subjects away from home. 

This form of microscope is offered as convenient for beginners, 
who, unable to purehase a complete instrument, still wish to make a 
beginning and start upon a right principle. <Althongh a complete 
microscope can be purchased for about the same amount that the 
optieal portions of this will eost, it will be wanting in the chief es- 
sentials of a good working instrument. Diminutive size, smallness of 
field, poor light, shortness of tube, absence of Society’s screw, and 
other evils, will soon cause it to be cast aside, resulting in the loss 
of the original outlay; whereas the parts purchased under the above 
directions are portions of a first-class instrument, obtained in advance, 
which will never become obsolete. 

The immense field of inquiry within the grasp of the microsco- 
pist is apt to disconcert and confuse the student. His course, how- 
ever, should be well defined. First let him familiarize himself with 
what has been done by others, and then confine his attention strictly 
to those subjects which have reference to his profession or pursuit. If 
he has no special occupation, I would advise him to select a particular 
line of study, and let that be the thread on which to string his sub- 
sidiary matter, mounting his own objects, and carefully registering his 
observations. Ile will thus slowly but surely accumulate knowledge 
that will benefit the cause of science. 
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ORN and wine were deemed indispensable to man from the re- 
motest antiquity, just as beef and beer are so considered by the 
Briton; and seareely a people has existed who did not possess a fer- 
mented liquor of some kind—all ascribing to it exalted virtue, such as 
befits the gift of the gods, as all believed it to be—not only from the 
bodily comfort and invigoration which it imparted, but also from its 
mysterious effects in the transient madness which it is capable of pro- 
ducing. Among all nations, consequently, wine, or aleoholie drinks of 
some sort, has always had its poets or its minstrels; and, had the an- 
cients been acquainted with alcohol, or the essential product of fermen- 
tation as we know it, doubtless they would have made it the symbol of 
the soul, for which nothing could be more appropriate; for it is an énvis- 
ible power, hidden in a grosser body, which it influences iu every part, 
and from which it finally escapes into the “heaven above ”’—gone for- 
ever! Nor is that all. The analogy may be extended to the qualities 
of that image of the soul, whieh are good and bad united, as in other 
mystic unions. Had the ancients possessed this knowledge of the 
distinct yet intimately combining principle, it might have given more 
significance to their devotion when they poured libations to their 
gods—but how much greater would have been their sense of awe and 
wonder, had they known what the physiologist knows at the present 
day! Let us glance at this truly mysterious agent in action. 

Alcohol is ever ready to enter the animal system, It can be intro- 
duced under the skin or into a vein, Exalted by heat into the form 
of vapor, it may be inhaled by man or other animal, when it will pen- 
etrate into the lungs, will diffuse itself through the bronchial tubes, 
will pass into the minute air-vesicles of the lungs, will travel through 
the minute circulation with the blood that is going over the air-vesi- 
cles to the heart, will condense in that blood, will go direct to the left 
side of the heart, thenee into the arterial canals, and so throughout 
the entire body. 

Again, when taken in by the more ordinary channel, the stomach, 
it finds its way by two routes into the circulation, A certain portion 
of it—the greater portion of it—is absorbed direet by the veins of 
the alimentary surface, finds its way straight into the larger veins, 
which lead up to the heart, and onward with the course of the blood. 
Another portion is picked up by small structures proceeding from 
below the mucous surface of the stomach, and from which originate a 
series of fine tubes that reach at last the lower portion of a common 
tube, termed the thoracic duct—a tube which ascends in front of the 
spinal column, and terminates at the junction of two large veins on 
the left side of the body, at a point where the venous blood, returning 
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from the left arm, joins with the returning blood froin the left side 
of the head on its way to the heart. It is so greedy for water that it 
will pick it up from all the watery textures of the body, and deprive 
them of it, until, by its saturation, it can take up no more, its power 
of reception being exhausted; after which it diffuses itself into the 
current of circulating fluid. When we dilute alcohol with water be- 
fore drinking it, we quicken its absorption; and, if we do not dilute it 
sufficiently, it is diluted in the stomach by the transudation of water in 
the stomach, until the required reduetion for its absorption is effeeted. 

Now, after an investigation of a very elaborate character, Dr. 
Anstie and Drs, Thudichum and Dupré have satisfactorily proved 
that only a very small portion of the spirit which is taken into a liv- 
ing body is expelled ont of that body as alcohol, in the secretions, and 
that there must be some other means by which the spirit is disposed 
of in the system. _In one very remarkable and memorable experiment, 
Dr. Anstie gave a dog, weighing ten pounds, the liberal dose of two 
thousand grains of aleohol in ten days, and, on the last day of the ten, 
he administered uinety-five grains of the spirit as a final dose, and 
then two hours afterward killed the dog, and immediately subjected 
the whole body—blood, secretion, flesh, membranes, brain und bone— 
to rigorous analysis, and he found in the whole texture of the body 
only about 234 grains of spirit. The other 1,976 grains had clearly, 
therefore, been turned into something else, within the living system. 

These experiments directiv refer to our query—the settlement ot 
the food-power of alcohol as 4 doctrine of physiological science. 

Before reasoning ont this proposition, we must state certain facts 
which it seems impossible to reconcile with any other theory than 
that aleohol is a food. Dr. Anstie relates the case of an old soldier 
who was under his care at the Westminster Hospital in 1861, who 
had lived for twenty years upon a diet composed of a bottle of un- 
sweetened gin and ‘one small finger-length of toasted bread” per day 
and who maintained the structures of his body for this long period 
upon that very remarkable regimen. Similarly an old Roman soldier 
admired by the Emperor Angustus, when asked how he managed to 
keep up such a splendid development, replicd—Jntas vino, extds oleo 
—“With wine within, and oil without.” 

Dr. Robert D’Lator tells us that some thirty years ago, in foreign 
climes and in unhealthy districts, he lived for two years upon wine and 
brandy, with very little solid food; and at the end of the period was 
neither perceptibly poisoned, starved, nor emaciated. Laborers, nav- 
vies, coal-heavers, and others, who take no beer, eat nearly as much 
again as those who take a moderate allowance of beer. Dr. D’Lalor 
declares that he knows many vigorous and healthy men in London, 
not only waiters, potmen, publicans, and the like, but tradesmen and 
merchants, who eat but little solid food, but have plenty of wine, 
porter, gin, ete. 
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Liebig stated that, in temperance families where beer was withheld 
and money given in compensation, it was soon found that the monthly 
consumption of bread was so strikingly inereased that the beer was 
twice paid for—once in money, and a second time in bread. He also 
reported the experience of the landlord of the Hétel de Russie, at 
Frankfort, during the Peace Congress; the members of the Congress 
were mostly teetotalers, and a regular deficiency was observed every 
day in certain dishes, especially in farinaceous dishes, pudding, ete. 
So unheard of a deficiency, in an establishment where for years the 
amount of dishes for a given number of persons had so well been 
known, excited the landlord’s astonishment. It was found that the 
men made up in pudding what they neglected in wine. Finally, every 
one knows how little the drunkard eats. 

Again, in cases of disease, there are numerous instances which it 
is difficult to refer to any thing but the food-property of alcohol. Dr, 
Anstie refers to one very instructive ease of the kind, which also 
came under his care in 1861, and which obviously left a great impres- 
sion upon his mind. A young man, only eighteen years of age, was 
so reduced by a severe attack of acute rheumatism, that he was un- 
able to retain food of any kind upon his stomach, He was sustained 
for several days upon an allowance of twelve ounces of water and 
twelve ounces (2 pint) of gin per day, His recovery under this treat- 
ment was very rapid and complete, and almost without any trace of 
the emaciation and wasting that ordinarily follow upon such a dis- 
ease. The lad, previous to this illness, was of a strictly sober and 
temperate habit, and, during the use of gin, the abnormal frequency 
of the pulse and of the breathing came gradually down to the proper 
standard of ordinary health; and there was never at any time the 
slightest tendency to Zrtowication—which is a very notable point in 
such cases, 

Dr. D’Lalor, before quoted, also mentions the case of a child only 
fourteen months old, sutfering from inflammation of the lungs, and 
whose stomach could retain nothing but port wine. For twelve days 
it subsisted entirely upon wine; it was rapidly cured, with no wasting 
of any account; nor, although it drank large quantities of alcohol, 
was it ever intoxicated. 

These cases are very important on account of their exceptional 
character; but they are quite in accordance with the well-established 
power of brandy and wine to sustain the lite of sinking men in the 
critical periods of exhausting fevers; and they afford ground for the 
familiar and popular belief that there is support in wine and spirit- 
uous drink—as held of old and exemplified in the well-known recom- 
mendation of St. Paul to his ailing disciple. 

Dr. Anstie’s conclusion from such evidence, and from a very large 
hospital experience, is that, beyond all possibility of doubt, pure al- 
cohol, with the addition of only a small quantity of water, will pro- 
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long life greatly beyond the period at which it would cease if no 
nourishment is given; that, during the progress of acute diseases, it 
very commonly supports not only life, but also the bulk of the body, 
during many days of abstinence from common foods; and that, al- 
though the physician and physiologist fail to explain chemically how 
it is that the result is brought about, it may, nevertheless, be safely 
atiirmed that the influence exerted over the body by alcohol is, essen- 
tially, of a food-character. 

“Tt may be well,” observes a writer in the Edinburgh Review, 
“for even advanced and accomplished physiologists to bear in mind 
that there may be ‘more things in heaven and earth than are dreamt 
of in their philosophy.’ There would at least be nothing more star- 
tling in the discovery that the physiological dogma which affirms that 
the products of the reduction of complex organic substances (such as 
aleobol) cannot be employed as the food of animal life had to be 
reconsidercd, aud in some particnlars reversed, or revised, than there 
has been in the recent reversal of the Liebig dogma, that nitrogenous 
principles alone can be used for constructive purposes, and the simpler 
hydrocarbons alone for the production of animal warmth.” 

And, in this point of view, Dr. Anstie argues that many sub- 
stances which are ranked as even “poisonous” to the system must 
not be taken to be absolutely “ foreign” to the organism, except in a 
relative sense, when even such agents as mercury and arsenic, given 
in small doses for long periods, produce what is termed a tonic influ- 
ence, improving the quality of the blood and the tissues, and do this 
in such a way that it is searcely possible to maintain that they con- 
tract no organic combination.’ 

Dr. Anstie frequently dwells on the notable fact that in all cases 
of disease where alcohol is used successfully as a medicinal support— 
as in the case of exhanstive fevers—its presence as an alcoholic ema- 
nation, whether in the breath or in other secretions, is absent alto- 
getlier, as if, in those cases, the whole force of the agent was absorbed 
in its beneficent operation. He also declares that in snch instances 
its exciting and intoxicating powers appear to be in abeyanee, and 
that the recovery from acute disease where this medicine has been 
successfully employed is invariably more rapid and complete than it is 
in altogether similar cases which have been treated without alcohol. 

If alcohol be only a heat-producing food, it may be remarked that 
nowadays Liebig’s well-known theory is no longer absolute, since it 
is established that great labor may be performed for a short period 
without the use of a nitrogenous diet—that is, with one exclusively 
carbonaceous. ence, perhaps, the claim of alcohol to constitute a 
food. Although forming none of the constituents of blood, alcohol 
limits the combination of those constituents, and in this way it is 
equivalent to so much blood, As Moleschott says: “ He who has little 
can give but little, if he wish to retain as much as one who is prodi- 
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gal of his wealth. Alcohol is the savings-bank of the tissues, Tle 
who eats little, and drinks alcohol in moderation, retains as much 
in his blood and tissues as he who eats more, and drinks no alcohol.” 

But, while we thus know that alcohol supplies the place of a cer- 
tain quantity of food, we do not know how it does so. It is said to 
be “burnt ” in the body, and to make its exit as carbonic acid and 
water; but no proof has yet been offered of this assertion. Some of 
it escapes in the breath, and in certain of the secretions; but how 
much escapes in this way, and what becomes of what remains—in the 
very large proportion, in the case of the dog previously mentioned— 
is at present a mystery. 

In Steinmetz’s “ History of Tobacco,” p. 97, occurs the following 
surmise, published nearly twenty years ago, but now established as a 
matter of fact. He says: “I feel compelled to believe, in advance of 
Liebig, that alcohol is absolutely generated in the digestive process of 
all animals. Startling as the theory may seem, the consideration of 
corroborating facts may, perhaps, induce the reader to think it prob- 
able, if not certain, It is well known that all the vegetables we eat 
contain starch; all the fruits contain sugar. Now, starch can easily 
be converted into sngar; the process of malting is a familiar in- 
stance... . The natural heat of the body is precisely adapted, in the 
healtby state, to effect a fermentation after having changed the starch 
into sugar, which last is constantly found in the blood. That alcohol 
has not been found seems to result simply from the fact that it must 
be sought in arterial blood, or blood which has not lost a portion of 
its carbon iz transitu, through the lungs in the respiratory process.” 

Now, it happens that Dr. Dupré, in the course of his investigations, 
discovered that alcohol is found in small quantity in the excretions 
even of persons who do not touch fermented beverage in any form— 
that is, the healthy system of the teetotaller breas, so to speak, a little 
drop for ttself. But, if this be the case, it would seem that we have 
enough already in the system, and therefore there can be no need of 
having recourse to the bottle or the tap for more, unless the system be 
a prey to disease. And this applies especially to those who live most- 
ly on vegetable or farinaceous food, who, it may be remarked, are 
naturally less inclined to alcoholic drinks than those who use animal 
food—when it becomes particularly dangerous. So that, if the Alli- 
ance and the supporters of the Permissive Bill would sueceed in their 
aim, they shonld convert us all into vegetarians, To drunkards who 
are anxious to reform, this is a most important consideration. 

In conclusion, the most reliable opinion respecting alcoholic drinks 
appears to be, that the relation of their actions to food is such that, 
when they are required by the system, they cause a necessity for in- 
creased food; but, when not required, they lessen the necessity for 
food. Now, as Dr. Edward Smith emphatically remarks, the tendency 
of all food, but particularly of animal food, is precisely in the same 
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direction; so that the skin is drier after than before dinner, other 
things being equal. In like manner, the hands and feet, and the skin 
generally, become hot and dry after taking alcoholic drinks, and an 
intoxicated man in a state of perspiration would be an unheard-of 
phenomenon, 

The direct tendency of alcohol is to diminish muscular power in a 
state of health, but indirectly it may have the contrary effect by im- 
proving the tone of the system through the appetite and digestion of 
food. In the state of body in which alcohol has reduced muscular 
contractibility, all the vital actions temporarily languish; and so far 
the action of alcohol is opposed to foods, and it is not a food. 

While the food-action of beer and wine may be accounted for by 
their known nutritive ingredients, other than aleohol, which they con- 
tain, much difference of opinion exists as to the trne action of alcohol 
itself, and the problem to be solved is, whether it acts plysically or 
chemically, The known actions of alcohol in man are physical in their 
character, and so they are upon food immersed in aleohol, or alcohol- 
and-water, when it is hardened, and the process of digestion retarded. 

If it has been shown that alcohol is capable of supporting a few 
persons, it is certain that it kills in its own way ten thousand persons 
a year in Russia, and fifty thousand in England; but its method of 
killing is slow, indirect, and by painful disease. 

Finally, two things must always be borne in mind. Tirst, we use 
alcohol not on account of its importance as a nutriment, but on ae- 
count of its effects as a stimulant or relish ; and secondly, the border- 
line between its use and abuse is so hard to be defined that it becomes 
a dangerous instrument even in the hands of the strong and wise, a 
murderous instrument in the hands of the foolish and weak.—Jood 
and Fuel Reformer, 


SKETCH OF DR. H. ©. BASTIAN, 


ROMINENT among the contemporaneous explorers of biological 
and. physiological science, the investigation of which is so active 

in the present age, is the subject of this notice, who, though still 
& young man, has achieved an undoubted eminence in the depart- 
ments of study to which he has devoted himself. Dr. Bastian has 
done a good deal of excellent scientific work in the medical field, and 
has gained the wide respect of the profession; but he is more gener- 
ally known by his researches into the origin of life; and is the author 
of perhaps the ablest work that has yet appeared on the question of 
the generation of the lowest animate forms, “The careful readers of 
Tus Popunar Science Monruty are quite aware that the subject of 
so-called “spontaneous generation ” has latterly not only ocenpied the 
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inereasing attention of scientific men, but has been pushed forward 
by an unprecedented refinement of experimental investigation. The 
researches recently carried out may have settled it, or they may uot, 
as further determinations and verifications will show; but, whatever 
may be the fact on this point, the inquiry has certainly been remark- 
ably narrowed, and the whole subject placed in a new attitude, which 
gives better promise of a decisive solution. Dr. Bastian, as is well 
understood, is a leading representative of the doctrine of the spon- 
taneous origin of the lowest living forms. We has made an extensive 
series of delicate and ingenious experiments which, he holds, establish 
the prineiple, and which are freely admitted to give the problem a 
new aspeet; and in his elaborate two-volumed work on the “ Beginu- 
nings of Life,’ and his subsequent volume on “ Evolution and the 
Origin of Life,’ he has given us the most comprehensive exposition 
we have of the philosophy and present position of this highly interest- 
ing and important question, 

Hewry Cnarrron Bastian was born at Truro, in Cornwall, April 
26,1837. Ilis father, a merchant, died while the son was quite young. 
He was educated at a private school in Falmouth; and, when about 
eighteen years of ave, began the study of medicine with an uncle, who 
was a leading medical man of the town of Falmouth. 

Youno Bastian had already begun to acquire strong tastes for 
natural-history studies, principally in the direction of botany and 
marine zodlogy ; these tastes having been much stimulated and en- 
couraged by a retired London surgeon, Mr, W. P. Cocks, who had for 
some years energetically devoted himself to the fauna and flora of 
Falmouth and its neighborhood. Dr. Bastian recognizes a profound 
indebtedness to this gentleman for his influence in urging him to in- 
dependent ingniry, inciting him to accept nothing on mere authority. 
During the three years of young Bastian’s apprenticeship to his un- 
cle, besides preparing for the matriculation examination of the Uni- 
versity of London, he made a special study of botany, and in 1856 
published “A Flora of Faimouth and Surrounding Parishes.” His 
educational career was brilliant, and among the numerous university 
honors which he received may be mentioned the gold medal in 
botany; the gold medal in comparative anatomy ; the gold medal in 
anatomy and physiology ; the gold medal in pathological anatomy ; 
and the gold medal in medical jurisprudence. IZe took his degree of 
M. D, in 1866, and became Fellow of the Royal Society in 1868. In 
1860, Dr. Bastian became Assistant Curator of the Museum of Anat- 
omy and Pathology under Prof. Sharpey. This office was retained 
for three years, In 1863, principally on account of his liking for 
cerebral physiology and philosophical subjects generally, he decided 
to devote himself to the study of insanity, with the view of becoming 
a consultant in London in this department of medicine, «At the end 
of 1863 he went as assistant medical officer to the newly-opened State 
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Asylum for Criminal Lunatics at Broadmoor ; and here for two years 
he carried on his investigations concerning the nematoids, which led 
to a monograph, in which one hundred new species were described. 
During this time and afterward, Dr. Bastian conducted an interesting 
and important series of investigations on the specific gravity of the 
brain. In 1866 he left Broadmoor, came to London, married, became 
lecturer on pathology and curator of the museum at St. Mary’s Hos- 
pital Medical School. He now took up the study of the diseases of 
the nervous system as a whole, rather than the section of it met with 
in asylums. He was elected Assistant Physician to St. Mary’s Hos- 
pital, and then shortly left it to accept the professorship of Pathologi- 
cal Anatomy and the position of Assistant Physician to the Hospital 
of University College. The same year he was also appointed Assist- 
ant Physician to the National Hospital for the Paralyzed and Epilep- 
tic. He has thus been in the midst of active and pressing professional 
studies, but Dr. Bastian has still found time for those laborious and 
purely scientific inquiries for which he is most extensively known. 
The following is a list of his chief memoirs and works, in the order of 
their publication: 


“On the Structure and Nature of the Dracunculus or Guinea-Worm.” “Trans. 
of Linn. Soce.,” vol. xxiv. 

“ Monograph on the Anguillulide, or Free Nematoids, Marine, Land, and Fresh- 
water; with Descriptions of 100 New Species.” ‘Trans. of Linn. Soc.,” 
vol. XxXv. 

“On the Anatomy and Physiology of the Nematoids, Parasitic and Free; with 
Observations on their Zodlogical Position and Affinities to the Echinoderms.” 
“ Philosophical Transactions,” 1866. 

“On the Mode of Origin of Secondary Cancerous Growths.” Medical Mirror, 
vol. i., No. x. 

‘On the Specific Gravity of the Different Parts of the Tuman Brain.” Journal 
of Mental Science, January, 1866, 

“On the so-called Pacchionian Bodies.” ‘Trans, of the Microsc. Soc.,” July, 
1866. 

“On the Pathology of Tubercular Meningitis.” uinburgh Journal of Medical 
Science, April, 1867. 

“On a Case of Concussion-Lesion of the Spinal Cord, with Extensive Ascending 
and Descending Secondary Degenerations.” ‘Trans. of Medico-Chir. Soc.,” 
1867. 

‘On Cirrhosis of the Lungs.” ‘“ Reynolds’s System of Medicine,” vol. iii. 


Also the sections on ‘‘ Pathology and Morbid Anatomy” of the following joint 
articles (by Dr. Reynolds and Dr. Bastian) appeared in “System of Medi- 
cine,” vol. ii.: “ Cerebritis;”? ‘‘Non-Inflammatory Softening of the Brain;” 
“ Congestion of the Brain;” ‘Hypertrophy of the Brain ;” ‘‘ Adventitious 
Prodnets in the Brain.” 

“ Modes of Origin of Lowest Organisms.” aemillan, May, 1871. 

“ The Beginnings of Life,” 2 vols., Appletons, 1872. 

“Evolution and the Origin of Life’? Macmillan, 1874. 

“ On Paralysis from Brain-Disease in its Common Forms,” Appletons, 1875. 
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A CORRECTION. 
To the Editor of The Popular Science Monthly. 


IR: Please allow me to correct some 

errors in the notice (on page 760 of 

this journal for October) of the paper on 

“American Ganoids,” read at the Detroit 

meeting of the American Association for the 
Advancement of Science. 

The very young gar-pike (Lepidosteus), 
less than an inch long, has only one tail; a 
symmetrical organ like that of existing 
Amphiozus and Polypterus, and the fossil 
Glyptolemus, 

While from one to ten inches long, the 
growing gar manifests a lower lobe of the 
caudal. In this state it resembles the ex- 
isting sturgeons and sharks, and many fos- 
sil Ganoids, 

The filamentary original tail gradually 
decreases and finally disappears, while the 
lower lobe increases and becomes the 
functional tail uf the adult Lepidosteus 
and Amia. In this respect, therefore, 
these forms are modern types of an an- 
cient group. 

In describing the peculiar vibratory 
movement of the caudal filament of the 
young gar, I compared it to the rapid vi- 
bration of the tail in many if not all ser- 
pents, and notably in the rattlesnake, and 
suggested that, in view of the ball-and- 
socket articulations of the vertebra of Lep- 
idosteus and some other reptilian features, 
the resemblance between the motions of 
Lepidosteus and Crotalus may have a deeper 
origin and significance than mere functional 
similarity; that they may have had a com- 
mon ancestry not very remote. But I had 
no idea that “the ancestor of the gar was 
a reptile.” 

This correction seems to me the more 
desirable, since the other paper noticed by 
you (on the Sirenia) was chiefly to show 
that a retrograde metamorphosis had taken 
place with that group. 


Burr G. Wi.per. 
Irnaoa, N. Y., September 27, 1875. 


FORESTS AND RAINFALL. 
To the Editor of the Popular Science Monthly. 

Wuute recently traveling among the 
mountains of this State, the threatening 
approach of a storm obliged me to find a 
shelter, whence my attention busied itself 
in watching the clouds gathering upon the 
slopes that reached at least two thousand 
feet above the valleys. 

Some portions of them, I observed, be- 
came quickly covered; others more slowly. 
In due time the storm broke away, and, re- 
lieved partially of their watery burdens, the 
clouds commenced to lift and move off, but 
some more tardily than others. Moreover, 
I remarked that, where they had first col- 
lected, there they remained the longest, and 
that those parts of the acclivities concealed 
the last were the first to become visible. 

Such a singular coincidence led me on 
further to the consideration of its cause. I 
think it may be extracted from the follow- 
ing facts: 1. The day had been very warm, 
as had also been the weather for a week 
before. 2. Of those portions of the slopes 
that had become hidden, the timbered lands 
were the first and, as mentioned above, the 
last to be seen again; the contrary happen- 
ing to the rock-exposures. 3. The valley 
in which I was is formed by mountains over 
four thousand feet above sea-level, their 
opposing acclivities being very near to each 
other. It is therefore narrow, and it was 
shielded from the cooling influences of winds 
outside. 4. The radiation of heat from the 
bare sides and precipices. 

Generalizing the conclusions that may be 
drawn from these, it may be said that some- 
times clouds passing over barren surfaces, 
like some of those I had been viewing, 
will become lightened as the cohesion of 
their particles is weakened by the warmer 
ascending currents of air; they may be 
dispersed, and, even if they settle down, 
will be more likely to rise again before 
those covering forests. 

With the latter it will be otherwise. 
Every leaf, like a miniature sun-shade, pro- 
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tects a part, small though it be, of the soil | 
from the direet warmth of the sun. For- 
ests thus are like great canopies sheltering 
from the sun’s rays those sections upon | 
which they grow. Lands so covered possess | 
a eapacity for holding much moisture. Con- 
tained in the leaves and trunks of trees, 
and more particularly in the spongy moss 
and numerous streams, it is saved from 


rapid evaporation, and consequently lowers | 
the temperature of the atmosphere over it, 

Vapors, then, attracted toward moun- 
tains by gravity, or carried thither by winds, 
will at times collect first over those sections 
which are wooded, and will have a tendency 
to remain there, be condensed, and deposit 


rain, 
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Jt may not be out of place to notice here 
another fact coming under my observation. 
Winds sweeping across a country, When they 
encounter mountains, are crowded against 
them, and, by the pressure from behind, 
are forced up along their sides and over their 
crests. Clouds that are in their paths, and 
which are borne onward to the slopes of 
such mountains, are sometimes carried up 
to and over their tops. Slopes which are 
destitute of timber present very few ob- 
stacles to sueh a result. Forests, on the 
other hand, break or lessen the mechani- 
cal strength of wind, and so increase the 
probability of their augmenting the volume 
of rainfall, P. F. ScHoriep. 

New Yoru, September, 1575. 
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WHICH UNIVERSE SHALL WE STUDY? 
CERTAIN class of astronomers 
-\ have aimed to persuade us that 
there are ‘niore worlds than one;” 
and those ingenious speculators Stew- 
art and Tait have recently argued for | 
two universes: the present universe, 
open to the sense, and an “unseen uni- 
verse” beyond the range of direct sci- 
entific investigation but open to intrepid 
scientific faith. From another point of 
view this idea of two universes comes 
out in amuch more definite and prac- 
tical way; and that is when considered 
with reference to the two great orders 
of knowledge that are now making ri- 
val claims on the attention of mankind 
as means of education, This conception 
of two tniverses as objects of thought 
was very instructively set forth by the 
able author of the articles we have pub- 
lished under the title of ‘The Deeper 
Harmonies of Science and Religion,” 
in his third paper, and the passage de- 
fining the distinetion is so well drawn 
thatit will bear repetition. The writer 
Says: 
“There is something which sets it- 
self up as a just reflection of the uni- 
verse, and which it is possible to study 


as if it were the universe itself; that is, 
the multitude of traditional unscientific 
opinions about the universe. These 
opinions are, In one sense, part of the 
universe; to study them from the his- 
toric point of view is to study the uni- 
verse; but when they are assumed as 
an accurate reflection of it so as to di- 
vert attention from the original, as they 
are by all the votaries of authority or 
tradition, then they may be regarded as 
a spurious universe outside and apart 
from the real one, and such students of 
opinion may be said to study, and yet 
not to study the universe. 

“This spurious universe is almost 
as great as the genuine one. There are 
many profoundly learned men whose 
whole learning relates to it and has no 
concern whatever with reality, The 
simplest peasant, who, from living much 
in the open air, has found for himself, 
nnconsciously, some rules to guide him 
in divining the weather, knows some- 
thing about the real universe; but an 
indefatigable student, who has stored 
a prodigions memory with what the 
schoolmen have thought, what the phi- 
losophers have thought, what the fa- 
thers have thought, may yet have no 
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real knowledge; he may have been 
busy only with the reflected universe. 
Not that the thoughts of dead thinkers 
stored up in books are not part of the 


universe as well as wind and rain; not | 


that they may not repay study quite as 


well; they are deposits of the human | 


mind, and by studying them much may 
be discovered about the human mind, 
the ways of its operation, the stages 
of its development. Nor yet that the 
thoughts of the dead may not be of the 
greatest help to one who is studying the 
universe: he may get from them sugges- 
tions, theories, which he may put to the 
test, and tlius convert, in sume cases, 
into real knowledge. But there is a 
third way in which be may treat them 
which makes books the very antithesis 
to reality, and the knowledge of books 
the knowledge of a spurions universe. 
This is when he contents himself with 
storing their contents in his mind, and 
does not attempt to put them to any 
test, whether from superstitions rever- 
ence or from an excessive pleasure in 
mere language. He may show wonder- 
ful ability in thus assimilating books, 
wonderful retentiveness, wonderful ac- 
curacy, wonderful aenteness; nay, if 
he clearly understands that he is only 
dealing with opinions, he may do good 
service in that department, for opinions 
need collecting and classifying as much 
as botanical specimens. But one often 
sees such collectors mistaking opinions 
for truths, and depending for their views 
of the universe entirely upon these 
opinions, which they accept implicitly 
without testing them. Such men may 
he said to study, but not to study the 
universe.” 

This discrimination is both true and 
highly signitieant. Old opinions, old 
languages, and antiqnated learning, are 
fit subjects of study as a part of archas- 
ology, like old buildings, old costumes, 
old coins, ear-rings, pictures, ete., which 
are not without a certain historic inter- 
est. But from this point of view they 
are parts of the universe to be explored 
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and explained, like all the rest of it, by 
scientific methods. This, however, is 
a widely different thing from setting 
up old knowledges and thoughts of the 
dead as systematic and exclusive ob- 
jects of study, and the snficient means 
of mental cnltivation, Yet the advo- 
cates of education by traditional, unsci- 
entifie studies habitually slur over this 
distinetion, and, declaring that old Jan- 
guages and old traditional ideas are as 
much parts of the universe as the rocks 
and stars, proceed to install them into a 
separate world in whieh the great mul- 
titude of students are made to pass 
their whole intellectual lives. It is no 
exaggeration or mere figwre of speech 
to characterize this realin ot antiquated 
thought and dead language as a spuri- 
ous universe. No one will deny that 
the broad and distinctive object of sci- 
entific study is the real and present 
universe of phenomena, fact, and law, 
which is open to the direct, immediate 
action of the human mind. The study 
of it in all its phases, by observation, ex- 
periment, analysis, synthesis, and clas- 
sification, has given rise to a vast body 
of truths and principles known as sci- 
entific knowledge, or modern scientjfic 
thought, and by which and through 
which the actual living universe is to 
be interpreted and known. Obviously 
the keys to the knowledge of the real 
nniverse are held by science, and it ts 
inevitable that, if scientific knowledge 
be left out of any educational scheme, 
the genuine universe is omitted from 
that scheme. And when this subtrac- 
tion las been accomplished what re- 
mains? An unreal sham, an illusive, dis- 
cordant representation of things which 
may now be justly termed a “spurious 
universe.” We say it may now be justly 
so termed, although, before the true uni- 
verse was discovered, there could have 
been no knowledge of its counterfeit. 
The mass of pre-scientific opinion con- 
cerning the world and its contents, the 
course of Nature, man, life, and society, 
when taken in relation to what is now 
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known of these subjects, and when re- 
garded as a body of thought to be em- 
ployed for purposes of culture, must be 
held as representing not the universe 
of reality, but only a distorted and spu- 
rious semblance of it. 

The question of scientific education, 
then, undonbtedly the greatest question 
of our time, is simply this: “Shall we 
study the genuine or the spurious uni- 
verse? Shall the minds of students 
be developed and moulded by direct 
exercise upon the phenomena and prob- 
lems of Nature and present human ex- 
perience, or shall they be cut off from the 
living world and trained in the acquisi- 
tion of old knowledges, just asif science 
had never arisen?” This question may 
seem to many a futile one, as they will 
say that in this age the influence of sei- 
ence cannot be escaped. Nevertheless 
it is an urgent and a practical ques- 
tion. For, although the intluence of sci- 


ence cannot be escaped by society, it can | 


be and it is extensively evaded and es- 
eaped in education. In this onr schools 
and colleges do not represent the age; 
they are out of harmony with it; they 
are far behind it. The genuine universe 
is not the supreme object of study; it 
is only partially recognized or not rec- 
ognized at all. The spurious universe 
is still in the saddle. It has not been 
displaced ; it has hardly been disturbed. 
Sciences still begging of our colleges tor 
afew erumbs; and, when snubbéd, is 
trying here and there to organize schools 
of its own, which are generally looked 
upon as nere technological shops where 
needy youths are apprenticed to bread- 
and-butter occupations a grade or two 
above the workshops of artisans and 
imnechanies. The dignity of being lib- 
erally educated, the lonors of seholar- 
ship, and- the prestige of culture, are 
reserved for those who, passing by all 
the grand results of modern science, 
give themselves to the study of the spu- 
rious universe. 

The latest illustration that comes to 
us of the extent to which this state- 
ment is true, is furnished by the con- 
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dition of the great public or preparatory 
schools of England. An official report 
has been made upon this subject, which 
represents the state of things after a 
quarter of a century of vehement agita- 
tion for some reformatory change that 
shall bring the popular culture of that 
country into greater harmony with the 
present state of knowledge. The case 
is thus forcibly presented by the Lon- 
don Spectator, a journal that will not 
be suspected of extreme views upon 
the subject: 

“During the past three hundred 
years, the spread of scientitic knowl- 
edge has revolutionized European 
modes of thought, has fundamentally 
altered the European idea of the uni- 
verse, of the earth’s place in the grand 
whole, and of man’s place on the earth, 
and has profoundly modified European 


| social life and political institutions; but, 


to our great schools, science has been 
as if it had made no progress. To those 
who have regulated the studies of those 
places of learning, it has not appeared 
at all important that English gentlemen 
should be able to. follow with intelli- 
gence the fruitful researches to which 
the pioneers of modern thought were 
devoting themselves, should be capable 
of appreciating the discoveries which 
were abridging space, approximating 
classes, and calling into existence in- 
dustries, activities, and relations, that 
are gradually transforming the ancient 
order of things—in a word, that they 
should be in sympathy with the modern 
spirit. . . . Of course, such a state of 
things has not been allowed to con- 
tinue without protest and controversy, 
and some little has been done to make 
room for science-teaching in our schools. 
It has, however, been very little. The 
sixth report of the Royal Cominission 
on scientifie instruction now lies before 
us, It is confined exclusively to an ex- 
amination into the provision made in 
the various secondary schools through- 
out the country for the teaching of sci- 
ence, and this is what appears: Re- 
turns, more or less complete, were re- 
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ceived from one hundred and twenty- 
eight endowed schools in all, and, ont 
of this total, ‘science is tanght in only 
sixty-three, and of these only thirteen 
have a laboratory, and only cighteen 
apparatus, often very scanty.’ Even 
these figures, however, give but a very 
imperfect notion of the neglect with 
which science is treated. It will hard- 
ly be believed that there are no more 
than eighteen of these schools which 
devote as mueh as four hours in the 
week to scientific instruction, that six- 
teen actually atford no longer time than 
two hours a week, and seven think an 
lour sufficient. These, however, are 
the good examples. There are thirty 
schools in which no definite time what- 
ever is allotted to scientific study. 
Again, out of the one lundred and 
twenty-eight schools, only thirteen 
give any place at all to science in their 
examinations, and ‘only two attach a 
weight to science in the examinations 
equal to that of classics or mathe- 
matics.’ 

“Tf, now, we attempt to account 
for this extraordinary neglect of sci- 
a country whose greatness, it 
very independence, depends 


enee, in 
not its 


upon the skill of its population in using 


the forces of Nature as their servants, 
we find the blame to rest in a very 
preat measnre on the universities. The 
older universities were founded and at- 
tained celebrity at a time when natu- 
ral science did not exist, and they 
have never admitted science to an 
equality with classics and mathematics. 
The feeling of Oxford and Cambridge 
has naturally guided the public schools, 
The masters are, almost without excep- 
tion, even to-day, Oxford and Cam- 
bridge men, and are penetrated with 
the Oxford and Cambridge — spirit. 
Moreover, the parents of the boys, 
and the boys themselves, necessarily 
attach importance to the studies which 
will win honors and distinction at the 
universities, while they disregard stnd- 
ies that will in no way help them in 
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their careers. Lastly, the negleet of 
science at the universities enuses the 
schvols to suffer from a want of com- 
petent teachers. Most of the lead- 
masters in their evidence refer to this 
ditficnlty, but, at the same time, they 
are unwilling to look elsewhere for 
the kind of men they want. Thus the 
head-master of Rugby says: ‘I wonld 
here observe that a mere chemist, 
geologist, or naturalist, however emi- 
uent in his own special department, 
would hardly be able to take his place 
in a body of masters composed of uni- 
versity men, withont some injurious 
effect npon the position which science 
ought to occupy in the school... . In 
preferring the two older universities, 
I do so only by reason of their stronger 
general sympathies with public-school 
teaching. Iam aware that if I merely 
wanted a highly-scientitic man in any 
branch, I might find him eqnally in 
Dublin, London, or at a Scotch univer- 
sity.’ In plain language, trades-union- 
ism forbids an ugly competition.” 

It thus appears that the policy of 
one hundred and twenty-eight of the 
leading schools of England, in regard 
to the adinission of scientific studies, 
is powerfully influenced, if not con- 
trolled, by the universities, so that, in 
the foremost nation in the world, there 
is a vast, compactly-organized educa- 
| tional system which ignores the uni- 
verse, as disclosed by modern science, 
and employs as its means of mental 
cultivation a spurious universe of dead 
traditions, languages, methods, and 
opinions, 


| 
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First Book or ZoéLocy. By Epwarp 8, 
Mors‘, Ph. D., late Professor of Com- 
parative Anatomy and Zodlogy in Bow- 
doin College. New York: D. Appleton 
& Co, Pp. 188. Price, $1.26. 

Tue genius for good school-book making 
is incontestably American. Our best school- 
books exemplify art in two directions: in 
' that which goes to the getting up of the 
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book, materially, and that which concerns 
its intellectual self; that is, its way of put- 
ting things—such a handling of teaching 
processes as recognizes that good teaching 
isan art, and the true teacher an artist. As 
good tools for teacher and learner, American 
school geographies, arithmeties, readers, 
and lately grammars, are not excelled abroad, 
It is noteworthy, however, that hitherto 
so much could not be said of American 
efforts in the matter of elementary school- 
hooks on scienee. Herein has England set 
usanexample. The ‘“Seience Primers,” re- 
printed by the Appletons, are very remark- 
able books as showing how a high knowl- 
edge in these departments may be set before 
a little child. However, in this matter of 
American science-teaching of the little ones, 
the tide is setting in, It must be admitted 
that in every thing pertaining to books, and 
elementary teaching of animated Nature, 
we are far behind England. Dr. Hooker's 
“Child's Book of Nature” is the best of 
its class, though sadly needing rewriting. 
But when we come to zodlogy proper, a 
history of our efforts at elementary book- 
making is more interesting than creditable. 
The earliest serious effort is that of Daniel 
Iaskel—“ The Juvenile Class-Book of Nat- 
ural History,” 1841. It is for children, and 
the author boasts in the following style 
over its systematic arrangement: “The 
classification, which forms an important 
feature of the work, is founded on external 
resemblance and visible habits. . . . This 
classification is much more siniple, and bet- 
ter adapted to the young mind, than that of 
Linneus, which is founded on occult resem- 
blances, and ranks the cow and the whale, 
animals which inhabit different elements, 
and are otherwise very unlike, in the same 
general class, Mainmalia.”” As to man, he 
says, ‘‘Bulfon divides mankind into six 
classes,” and he does likewise. But the 
word “class,” though often used, has no 
certain sense in this little book. Leaving 
man, the work is divided into Quadrupeds, 
Birds, Fishes, Reptiles, and Insects. The 
quadrupeds are divided into thirteen classes, 
as first class, seeond class, ete. Then come 
the “Unclassed Animals,” viz, ‘the ele- 
phant, rhinoceros, hippopotamus, _ tapir, 
camel, Arabian camel, Haina, camelopard, 
bear, badger, raccoon, kangaroo, opossum, 
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ant-eater, sloth, jerboa.” 
“are animals which cannot be classed, but 


each of which by itself forms a distinct 
Wy 


Ile says these 


species. 
ner in six classes, with ‘unclassed birds, 
The fishes 
The first class em- 


The birds are given in like man- 


the ostrich, cassowary, dodo.” 
are in four classes, 
braces the cachelot, grampus, porpoise, dol- 
phin, whale.” As for the sword-fish, he is 
left out in the cold. The ‘fourth class” 
of fishes embraces the lobster, crab, tor- 
toise, oysters, snails, and such. 

Thenext attempt at a natural history for 
schools was (we speak from memory) by 
Abram Ackerman, 
tion, with not a particle of science behind it 
orinit. It had the credit, however, of not 
being the injurious book that Haskel’s was, 
In 1849 appeared “ Class-Book of Zoology: 
designed to afford to Pupils in Common 
Schools and Acadenties a Knowledge of the 
Animal Kingdom. By Prof. B. Jaeger.” 
The educational plane was not then up to 
this little book, which, as a elassification, 
or systematie exhibit of the animal king- 
dom, had not its equal; and, besides this, 
mueh of it was really American, but zodl- 
ogy proper it utterly failed to teach. Prof. 
Worthington looker’s ‘Natural History, 
for the Use of Schools and Fanuilies,” ap- 
peared in 1860, It is a good buok, and 
holds its own in the market because of its 
pleasant and readable style, 
cation it is too meagre, and of zodlogy it 
contains but little. 
mentioned the Ruschenberger series of 
“First Books in Natural Itistory,” begun 
in 1842. These were little clse than trans- 
lations from the text of Milne Edwards and 
Achille Comte, Very excellent little man- 
uals they were, but extending, as they did, 
to eight volumes, they lost all claim to be 
ealled a “ Primer of Natural History,” “ Prin- 
ciples of Zodlogy, by Agassiz and Gould,” 
1848, is a high text-book; and of a like 
nature must be regarded “A Manual of 
Zoology,” by Sanborn Tenney, 1865, with 
its smaller companion by the same author; 
both good books so far as systematizing 


It was a mere compila- 


as a classifi- 


We must not pass un- 


goes. 

It is evident, then, that a good, true 
American book, worthy of being called a 
“Primer of Zodlogy,” had not appeared. 
In the fullness of belief, we avow our con- 
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viction that it has come at last. We do not 
allude to Mrs. Stevenson's ‘‘ Biology for 
Boys and Girls;” it occupies a widely-dif- 
ferent field. “First Book of Zodlogy,” by 
Prof. Morse, is the little work which we 
wish to consider. It has some points on 
which we would fora moment dwell, First, 
it really teaches zodlogy. It deals with 
the morphology and actual structure of 
familiar things. It advises you to 
snails or inseets, and shows how to 
them, Now, every one should know that 
this is just what a ehild wants to do. Every 
child is naturally a collector, Then comes 
the study of form, Here are simple out- 
line drawings. The external parts are laid 
out, and each part is shown to the pupil, 
and its name asa part is given, Now the 
child must draw these parts on his slate, 
and then name them for himself; and every 
child with a little patient help ean do all 
this. But, when this is donc, the morphology 
of a shell, or whatever else, is well learned, 
albeit the little pupil has never heard the 
big word used above. And what an eye- 
opener, and mind-expander, and tongue- 
loosener, half an hour of such work with a 
child is! The little child becomes at once 
a vaturalist, intent upen his snail, he sees 
things, and thinks things, and asks things, 
This little book 
utterly eschews technicalities, and even 
classification, An intelligent boy will make 
a collection, and then will attempt to sort it 
into groups or sets of real or fancied simil- 
tudes, This classification. 
But it is plain that the collection must 
come first; that is, that intelligent classifi- 
cation must stand related to things more 
than words. A blind man could not elas- 
sify the stars. Here, then, is the blun- 
der whieh our author shuns: of begin- 
ning to teach systematic classification with 
no knowledge or sight of the objects. 
The author’s method is that of Nature. It 
is the word-inethod in reading instead 
of the old A BC plan. Get your object, 
then learn its parts, and, thus trained, clas- 
sification will be sought for, and can then 
be entered upon; and even its systematic 
names will be learned with delight, because 
they have a real significance; that, of 
course, will be the work of a “Second 
Book.” The first is just such as any 


get 


get 


that are all new to him, 


is instinctive 
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teacher ean handle, and that too with pleas- 
ure, for it unfolds the objects of Nature 
precisely in Nature’s own way. 
cellence in a primer is, that it is small. 
This little book reminds us of the pinhole 
in the eard to which the eye is applied ; it 
takes in a very little bit of Nature, but that 
bitis wonderfully amplified with good, clear, 
achromatic light. In this wise it is that 
one who has done a long service in teach- 
ing natural history to children hails Dr. 
Morse’s little book. 8. L. 


A real ex- 


Moxey, anp THE Mecnanism or Excuance. 
By W. Sraxtey Jevons, F. RL S., Pro- 
fessor of Logie and Political Economy 
in the Owens College, Manchester. No. 
XVII. “International Seientitic Series.” 
New York: D. Appleton & Co. 350 
pages. Price, $1.50. 

Tuere is, beyond question, a most impor- 
tant scientific side to the complex subject 
of money. Ithasits observable phenomena, 
its analyzable relations, and its deducible 
laws; and, as if pertains to the operations 
of human society, it is a legitimate branch 
of social science. For this reason it was 
entirely proper that the subject should be 
treated in an independent monograph in the 
“ International Scientific Series.” One of 
the ablest and clearest logical heads in 
Europe, author of a masterly treatise on the 
philosophy of science, and a special and 
thorough student of political economy, was 
chosen to exceute the work. Again there 
were permanent, general, and what we may 
term cosmopolitan reasous for taking up 
the subject with a view simply to the expo- 
sition, improvement, and extension of valu- 
able knowledge. 

But for us the subject has also quite 
another aspect. There were urgent Amer- 
ican reasons why it should be treated. 
We believe in the glorious leadership of 
our country; we are in advanee, and bound 
to be in advance, of civilization, and in this 
case the American people furnish ample 
evidence that they are quite ahead of the 
world in their ignorance of every thing like 
principles or laws relating to money, The 
American voter, with his hands full of green- 
backs, has about as much understanding 
of the science which treats of them as the 
Iudian of the science of wampum. That 
they can buy things with them, and that 
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they are therefore desirable to be got, ex- 
haust the knowledge of both. With all 


our vaunted enlightenment, we have acur- | 


reney bedeviled by politicians in the interest 
of selfish greed and rampant speculation, 
and maintained by a demagoguism as un- 
scrupulous and yicions as the world has 
ever seen, With so much gross ignorance 
and stupid superstition among the people 
in regard to the nature of money, and 
the laws of its use and influence, that the 
present state 6f things is openly defended 
and its continuance demanded, it becomes 
in the highest degree desirable that sounder 
views should be disseminated as rapidly and 
as widely as possible. We want a knowl- 
edge of mouey as a branch of natural his: 
tory. We want to know how its use has 
grown up; what wants it answers to in 
human societies; what laws it is subject to 
that spring from the very nature of things ; 
what are its imperfections, and how they 
may be supplemented; what are its dan- 
gers, and what the delusions and impost- 
ures of which it is made the means by eal- 
culating men and unprincipled governments. 
Prof. Jevons's work deals with the subject 
very much from this point of view. He 
offers us what a clear-sighted, cool-headed, 
scientific student has to say on the nature, 
properties, and natural laws of money, with- 
out regard to local interests or national 
bias, His work is popularly written, and 
every page is replete with solid instruction 
of a kind that is just now lamentably needed 
by multitudes of our people who are vic- 
timized by the grossest fallacies, 


RELIGION AND SCIENCE IN THEIR RELATION TO 
Pintosopiny. By CHaries W. SHIEzns, 
D.D. New York: Seribner, Armstrong 
& Co. Pp. 6%. Price, $1.00. 

Tus essay consists of two parts, in the 
first of which are stated the scientific hy- 
potheses and the religious dogmas that have 
been offered for the solution of such prob- 
lems as the origin of the universe, the for- 
mation of geological strata, the origin of 
map, the nature of mind and of matter. The 
case for both sides is stated fairly enough. 
In the second part the author endeavors to 
show that these problems are neither exclu- 
sively scientific nor exclusively religious, 
but philosophical. “It is not too much to 
say that they can never be decided by any 
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ercly scientific process. . . . And itis safe 
to say that by no purely religious method 
cau they ever be settled.” The author re- 
gards these problems as “partly scientific 
and partly religious,” but “strictly philo- 
Hence philosophy is the um- 
pire when religion and science are in con- 
flict. “Paramount as religion must be in 
ber own sphere with her inspired Bible and 
her illumined Church,” she eannot judge the 
theories of science; but no more will re- 
ligious men accept from mere scientists a 
judgment upon their doctrines. The author 
thinks that in the broad piain of philos- 
ophy” the religionist should accept scien- 
tifie truth resting upon “foundations of 
proof that cannot be shaken;” and that 
the svientist should no longer ignore “ that 
vast body of truths, doctrines, dogmas, 
backed by evidences which have been accu- 
mulating for vighteen centuries under the 
most searching criticism.” There appears 
to be no reason why men of science should 
reject the arbitration of philosophy. 


sophical.” 


PROCEEDINGS OF THE AMERICAN ACADEMY OF 
ARTS AND ScrENcES; from May, 1874, to 
May, 1875. Selected from the Records. 
Boston: John Wilson & Son, 1575. 
Tus 

“Proveedings ” of the “ New Series,” and the 

tenth of the “ Whole Series ” published by 

the American Academy; Volume 1. having 
been published in 1848. Besides the octavo 

Proceedings, the Academy has long pub- 

lished quarto volumes of .Wemoirs which are 

of the bighest value. This volume contains 

585 pages, of which 462 are devoted to 

scientific papers, 13 to brief notes of the 

several stated meetings, 41 to the Report of 
the Council (into which are incorporated 
the obituaries of deceased members or as- 
sociates), six pages to the list of the mem- 

bers, ete., and the rest of the volume to a 

very copious index. 

We learn that the Academy contains 
195 Fellows, 91 Associate Fellows, and 70 
Foreign Honorary Members. The losses by 
death during 1874 bave been painfully large, 
and many of them will not be felt by Mas- 
sachusetts alone, but by the world at large. 
Short biographical notices are given of the 
following deceased members: B. R. Curtis, 


is the second octavo volume of 


-ex-Judge Supreme Court; George Derby, M. 


D., Professor, Harvard College; F.C. Lowell; 
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Charles G, Putnam, M. D.; Nathaniel B. 
Shurtleff; James Walker, ex-President War- 
vard College; Jetlries Wyman, Professor, 
Tlarvard College ; F. W. A. Argelander, Pro- 


fessor, University of Bonn; Elie de Beau. | 
“essays to forecast the future of American 


‘mont, Secretary Paris Academy of Scicnces; 

Sir William Fairbairn, F.R.S., ete.; F. P. 
G, Guizot ; Sir Charles Lyell. 

Of the scientific papers given, ten are 
devoted to Chemistry and Physies, four to 
Botany, fonr to Astronomy and Astronomical 
Physics, two to pure Mathematics, ete. But 


such an enumeration does not convey any | 


adequate idea of the amount of original 
research represented by this voluine, which 
isin every way creditable to American sci- 
ence, and fully equal to similar publications 
in Europe. It is not possible within the 
limits of our space to attempt any analysis 
of individual papers, for a knowledge of 
which reference must be made to the vol- 
ume itself; but it is impossible to avoid a 
renewed notice of the remarkable freshness 
of the volume as a whole. It bears the 
evidence of being the systematized results 
of faithful work in the laboratory, the field, 
and the study, and it has in this and in 
other respects an advantage not common 
to all American publications of the same 
kind. 


American State Universities. With a 
Particular Account of the Rise and 
Development of the University of Mich- 
igan. By Asprew Ten Brook. 418 
pages, Price, $3.50. Cincinnati: R. 
Clarke & Co, 

Tue author of this work, in his first 
chapter, presents a sketch of the early 
progress of academic education in the At- 
lantie States. Next he describes the state 
of culture in the West at the beginning of 
the congressional land-grant policy and 
subsequently. The history of congres- 
sional land-grants for universities is given 
in the third chapter. The remainder of the 
book is more specially devoted to the sub- 
ject of education in Michigan, and the 
matters treated in the successive chapters 
are: Michigan’s early condition as to cult- 
ure and education; early organization for 
higher education in that Territory; grant 
of the present university fund, and its ad- 
ministration by the board of trustees; or- 
ganization of the school system and admin- 
istration of the endowment fund; rise of 


I 


119 


uniou schools ; opening of the Ann Arbor 
University; review of the period from 1844 
to 1852; the administiation of President 
Tappan; administration of President Haven 
and his successors. Finally, the author 
universities. He is in favor of retaining 
the study of ancient languages as the dom- 
inant feature, the very backbone of the 
university system. “ The long - agitated 
question,” he says, “ of the place which the 
Latin and Greek languages should hold in 
education, the University of Michigan set- 
tled originally by giving them the same 
prominence which they had in the old col- 
leges of this country,.and the State univer- 
sities generally have inclined to this course. 
This action needs no comment or defense 
beyond a statement of the reasons which 
have been supposed to justify it. The re- 
lation of the study of these languages to 
that of other subjects has been greatly 
changed by the introduction of new branch- 
es of study, but not by any special change 
of views in regard to the value of languages 
themselves.” Science, according to Mr. 
Ten Brook, is of little or no importance 
except for specialists. ‘ Language is of 
all studies the most practical. The useful 
and sublime sciences, such as chemistry, 
botany, geology, and astronomy, are of 
little immediate use to the learned. 
Their main facts and generalizations are 
indeed well employed in literature, in phi- 
losophy, and in social life; but beyord 
these they are only to be pursued by the 
special student.” Again, he says: “It was 
the ancient classics, and the Hebrew and 
Greek Scriptures in their originals, which 
awakened Europe from the sleep of the 
middle ages. They are adapted to just 
that kind of work, and they will probably 
hold their place for ages to come, as for 
centuries past, in the course of higher edu- 
cation.” Our own views on this question 
are fully stated in the leading editorial of 
the present number. 


even 


Annvat Report or tne DiRECTORS OF THE 
St. Lovrs Punic Scnoois. Pp, 348. 


Besings the usual statistics, the various 


] . . fin a 
annual reports contained in this volume 


eonvey a Jarge amount of valuable informa- 
tion on school management in general. The 
idea of having attached to the Normal School 
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a “School for Observation” appears to be 
original to the St, Louis system. This school 
for observation differs from the ‘ Model 
School” in that the Normal scholars here 
simply observe the process of managing a 
sehool as conducted by highly-competent 
teaehers, while in the Model School they 
make experiments in teaching. The school 
selected for observation is one of the district 
schools of the city. 
senior and middle classes of the Norma! 
School are sent regularly to the ‘School 
for Observation” in order to acquire a more 
thorough knowledge of their future profes- 
sion. 

The experiment begun two years ago, of 
establishing a Kindergarten in connection 
with one of the public schools, has, aceord- 
ing to the Report, proved a decided success. 
Like every effort toward new and improved 
methods in edueation, the project, at the 
outset, met with strong opposition. It was 
urged that children enough would not attend 
to justify the expense. The younger chil- 
dren of three and four could not be suffi- 
ciently interested ; small children would not 
attend regularly; the training would unfit for 
ordinary primary work; the physical exer- 
cises would be injurious to health; and so 
on, to the end of the string of imaginary 
difficulties that objectors are forever ready 
to throw in the way. The result was that, 
when the school opened, the room was 
quickly filled. At the beginning of the sec- 
ond year nearly all the children of the pre- 
vious year reéntered, and a second room of 
equal capacity was found neeessary, and 
this also was filled. The average attend- 
ance was ninety-five per cent., exceeding 
that in the primary rooms. The children 
advanced to the primary department made 
rapid progress in its studies, excelling rather 
than fallmg behind their fellows. The phys- 
ical exercise produced a marked improve- 
ment in the health and general appearance 
of the pupils; and, finally, it has been de- 
termined to establish Kindergartens in two 
more of the public schools. 

This and other parts of the Report show 
what preceding reports from tbe same 
source had previously shown, that the au- 
thorities in St. Louis are alive to the neces- 
sity for improvement in our methods of 
primary instruction, and it would be well 
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if school-officers in Eastern towns could be 
charged with a similar spirit. The streets 
of New York, for example, are swarming 
with children from three to six years old, 
receiving at the most impressible period of 
their lives the lessons that only the streets 
Tf, in place of these abominable 
associations, they were gathered into Kinder- 
gartens, the formation of habits that later 
become actual obstacles in education would 
be in great part prevented, while a positive 
advantage would be gained in the training 
which such schools afford. 


can teach, 
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We present below brief abstracts of 
some of the more interesting papers read at 
the last meeting of the British Association 
for the Advancernent of Scienee. Others 
will follow in succeeding numbers. 


hee-{etion.n—The subjeet of ice-action 
was considered in a paper read by D, Mack- 
intosh, F.G.8. He first diseussed the ques- 
tion whether the so-called continental iee 
of Greenland was a true ice-sheet formed 
independently of mountains, or merely the 
result of a confluent system of glaciers. He 
then considered the state of the surface of 
the Greenland ice-sheet, and believed that 
the amount of moraine matter was loeally 
limited and of small extent. He defended 
the idea of the internal purity of existing 
ice-sheets, and gave reasons for doubting 
whether glaciers are eapable of persistently 
pushing forward the large stones they may 
find in their beds, though he admitted that 
the base of glaeiers is charged with finer 
débris, by means of which they grind and 
striate reck-surfaees. He mentioned that in 
the lake distriet of England he had never 
seen a sharply-bordered groove on a glaci- 
ated rock-surface which might not have 
been produced by a stone smaller than a 
walnut. 

He saw no reason for doubting that re- 
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volving ieebergs were capable of scooping 
out hollows in the rocky bottom of the sca, 
and thought that lake-basins on the rocky 
summits of bills or on water-sheds might 
have been produced in this way. Tle then 
gave reasons for supposing that the drift- 
knolls called eskers, where their forms were 
very abrupt, might have been partly formed 
by eddying currents with waves generated 
or intensified by ice-movements, which some- 
times would set the sea in motion as much 
as sixteen miles off. 

According to Mr. Mackintosh, floating 
coast-ice is the principal transporter and 
glaciator of stones, and the uniformly stri- 
ated stones found in the bowlder-clay were 
both glaciated and transported by coast-ice. 
He entered minutely into a consideration of 
how stones, previously more or less rounded, 
became flattened and uniformly grooved on 
one, two, or more sides, the grooves on the 
various sides differing in their directions, 
Ile believed that many of the stones found 
in the bowlder-clay of Cheshire must have 
been frequently dropped and again picked 
up by ecoast-ice during the passage from 
their original positions. 


Ancestors of the British.—Another pa- 
per by the same author was devoted to the 
discussion of certain ethnologteal questions 
connected with the history of the people 
of Britain. Le believed that the inhabit- 
ants of different parts of England and Wales 
differed so much in their physical and men- 
tal characteristies that many tribes must 
have retained their peculiarities since their 
colonization of the country, by remaining in 
certain localities with little mutual inter- 
blending, or through the process of amalga- 
mation failing to obliterate the more hard- 
ened characteristics. The first type noticed 
was the Gaclie. In Ciesar’s time, probably 
the great mass of the people of Gaul were 
comparatively dark iu complexion and 
small in stature ; and the race characterized 
by Cesar as of tall stature, reddish hair, 
and blue eyes, were most likely German col- 
onists of Gaul. There still exists in Eng- 
land, Wales, and Ireland, a distinct race, 
possessed of some of the mental character- 
istics anciently attributed to the Gaels. In 
mental character the Gaels are excitable, 
and alternately lively and melancholy. The 
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Gael is also by temperament an excellent 
soldier, but he needs to be commanded by 
a race possessed of moral determination, 
tempered by judgment and foresight. An- 
other characteristic of the Gaclic race is 
sociability. 

In North Wales there are several dis- 
tinet ethnological types, but by far the most 
prevalent is the type to which the term 
Cymrian may be applied. The Cymyri ap- 
pear to have entered Wales from the north, 
They are an industrious race, living on 
seanty fare without murmuring. Mr, Mack- 
intosh gave a minute deseription of the 
physical and mental peculiarities of Sax- 
ons, and showed the difference between 
Saxons and Danes. With Worsaae, he be- 
lieves that the Danes have impressed their 
eharacter on the inhabitants of the north- 
eastern half of England. le endeavored 
to show that between the northeast and 
southwest the difference in the character of 
the people is so great as to give a semi-na- 
tionality to each division. 
ity, ambition, and commercial speculation, 
predominate in the northeast ; contentment 
and leisure of reflection in the southwest. 
He concluded by a reference to the deriva- 
tion of the settlers of New England from 
the southwest, mentioning the fact that, 
while a large proportion of New England 
surnames are still found in Devon and Dor- 
set, there iy a small village, called Boston, 
near Totnes, and in its immediate neigh- 
borhood a place calied Bunker Hill. 


Restless actiy- 


Changes in the Courses of Rivers. — 
Major Herbert Wood spoke on the cause 
of the change of direction in the lower 
course of the river Oxus, by which its 
mouth had been diverted from the Caspian 
to the Aral. In the opinion of Major Wood 
this change is to be attributed to the ab- 
straction of the water of the river for the 
purposes of irrigation, which has been prac- 
tised from time immemorial. The quantity 
of water thus diverted has never been cal- 
culated, but, from data obtained by Major 
Wood during the Russian Expedition, he 
concludes that, between June 23 and Sep- 
tember 10, 1874, an average of 62,350 cubic 
feet per second was absorbed by the irri- 
gation canals of Khiva, an amount equal to 
nearly one-half the total volume of the 
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Oxus. <At the time when the river emptied 


itself into the Caspian the conditions of its | 


régime were such that the volume and ve- 
locity of its summer or flood water were 
sufficient to clear away annually trom its 
bed the deposits of mud resulting froin the 
smaller volime of its winter course. From 
certain data it is eoneluded that the differ- 
ence of the delivery of water between win- 


ter and summer is as one to three: thus the 


bed would not undergo any deterioration, 
its course would remain unchanged, and the 
river would continue to diseharge itself into 
the Caspian, But, as soon as the volume 
and velocity of its summer waters were di- 
minished by the action of irrigation eanals, 
those compensatory arrangements of Nature 
would be upset, and a proportion of the 
muddy deposits of winter would useape the 
annual scouring. In course of time bars 
would form in the bed of the river, and in 
the end prevent it extending its course to 
the Caspian. That the Oxus has changed 
its lower course is proved by numerous his- 
torical documents, 


Antiquity of the Diviniug-Red.—A paper 
on “Rabdomancy” (or the use of the ‘“di- 
vining-rod ”) and “ Belomaney ” (or divina- 
tion by means of arrows) was read by Miss 
A. W. Buekland. According to the au- 
thor, the staff as a sceptre was probably a 
later form of the horn which was thus used 
in prehistoric times, and in that charaeter 
adorned the heads of gods. From this use 
of rods or horns arose a veneration for 
them as possessing the power of healing. 
IIence their use by magicians, whose chief 
instruments have always heen a ring and a 
staff. These symbols conjoined are found 
in Egyptian, Assyrian, and Peruvian seulpt- 
ures, and may be traced in some of the 
stone circles of Britain and in the shape 
of ancient Irish brooches. Belomancy, or 
divination by marked arrows, said to be of 
Seythian origin, was practised in Babylon, 
Judea, and Arabia, and traces of it may 
still be found in the popular tales of Russia 
and Siberia, “That the arts of magic and 
divination are a renmant of pre-Aryan re- 
ligton is proved,” said the author, “ by their 
present existenee among aboriginal non- 


_ ations of temperature on the 


Aryan races ; and they might even be used — 


as a test of race, so that those who in the 


| “intended as a quicker and 
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counties of Somerset and Cornwall claim 
the power of divination by the red might 
possibly have some remote affinity with the 
aboriginal inhabitants of Britain.” 


The Cinieal Thermoscope.—Dr. Seguin, 
of this city, has devised an ingenious little 
instrument, ealled the clinieal thermoseope, 
to be used as an aid in diagnosis, 
ployed for deteeting the vari- 


It is em- 


surface of the body, and es- 
timating the rate of radiation 
going on therefrom. In the 
words of the inventor, it is 


more delicate test of differ- 
ential temperatures than the 
ihermometer; and less to give 
the degree of heat than the 
velocity of its 
We present a cut of the in- 
strument half the actual size. 
It consists of a glass tube 
seven inehes long, with a mi- 
nute bore open at one end, 
and terminating at the other 
inabulb. Anadjustable seale 
is attached to the outside of 
the tube. To prepare it for 
use, immerse the bulb in hot 
water, which rarefies the air 
The open end is then 
plunged into cold water and 
quickly withdrawn, when a 
drop or two will be found to 
have entered the tube. This 
forms a “ water-index,” which 
should) beeome © stationary 
within an inch or two of the 
bulb. If it falls into the bulb, or does not 
approach it sufficiently, too mueh or too 
little heat was applied in the first instance, 
and it will be necessary to jar the water 
trom the tube and try again. When the 
index is provided, adjust the scale, bring- 
ing its lowest figure on a level with the top 
of the column of water in the tube, and it 
is then ready for use. It may be applied to 
any part of the surface, where disturbance 
of temperature is suspeeted, but its habit- 
nal place in the hands of Dr. Seguin is, not 
the axilla, but the shut hand. The claims 


radiation.” 


inside. 
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for it are, that it gives by contact indiea- 
tions of the volume of heat escaping by ra- 
diation, and the velocity of loss; also, that 
by blowing on the bulb the degree of combus- 
tion that takes place in the lungs is shown, 
It is likewise serviceable as a means of de- 
tecting the exaet position of deep-seated 
loval trouble, giving valuable indications 
where the thermometer fails. 


A New Fossil Crastacean,—A new crus- 
tacean species, allied to varypterus and 
Pterogotus, has been deseribed by A. R. 
Grote and W. If, Pitt, under the name of 
Eusarcus scorpionis, The specimen was 


found in the water-lime group at Buffalo, 


N.Y. Its length is 
greatest width 110 millimetres, 


250 millimetres, and its 
The ceph- 
alo-thoracie portion appears to be sepa- 
rate from the body; the legs are in the 
same number as in Lurypterus; the swim- 
miug-feet appear to diifer by the straighter, 
less rounded outer margins; the spines of 
the anterior feet appear to be long, curved, 
and to have an anterior direetion. The ab- 
sence of chelate appendages to the posterior 
margin of the feet is particularly notiee- 
able. The first seven broad segments of 
the abdomen form a large ellipse. There 
is an evideat and remarkable narrowing of 
the succeeding caudal segments. The in- 
terest which attaches to this remarkable 
erustacean arises from the discovery of a 
form whieh may be allowed to be higher 
than Lurupterus and Pterogotus. 


Reptiiian AMinities of Birds.—Prof. E. 
8. Morse has for a long time made a study 
of the bones of embryo birds, At this 
year’s meeting of the American Association 
he recalled briefly the evidence be had 
shown last year regarding the existence of 
the intermedium in birds, by citing the 


embryo tern, in which he had distinetly | 


found it. This year he had made a visit to 
Grand Menan, expressly to study the em- 
bryology of the lower birds, and was fortu- 
nate in finding the occurrence of this bone 
in the petrel, sea-pigeon, and eider-duck. 
This additional evidence showed beyond 


question the existence of four tarsal bones | 


in birds as well as four carpal ones. In 
these investigations he had also discov- 
ered embryo claws on two of the fingers 


| 
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of the wing—the index and middle finger. 
Heretofore in the adult bird a single claw 
only had oceurred in a few species, sueh as 
the Syrian blackbird, spur-winged goose, 
knob-winged dove, jacana, mound-biid, and 
a few others ; and in these eases it oceurred 
either on the index or middle finger, or on 
the radial side of the metacarpus, All these 
facts lent additional proofs of the reptilian 
affinities of birds. 


American Fedigree of the Camel.-— 
Though the evolutional pedigree of the 
horse may be distinctly traced in the sue- 
cession of equine genera whose remains are 
found in the Tertiary strata of our Western 
Territories, nevertheless, the horse, as he 
at present exists, is not indigenous to this 
continent, but has been imported from Eu- 
The pedigree of the camel may also 
be construeted fron: materials supplied by 
Americau paleontology. Prot. Cope has re- 
eently unearthed a number of genera which 
must be regarded as the ancestors of the 
eamel. And it is worthy of note that, al- 
though the more prominent genera of the 
series which resulted in the horse, for in- 
stance Anchitheriwn and Hippotheriwn, have 
been found in European formations, no well- 
determined form of the ancestral series of 
the eamel has up to the present time been 
found in any formation of the Palearctic 
region, “ Until such are discovered,” says 
Prof. Cope, “there will be much ground for 
supposing that the camels of the Old World 
were derived from American ancestors.” 


rope. 


Arctic Meteorolozy.—During Weyprecht 
and Payer’s expedition to the north-polar 
regions the air in winter seemed always to 
contain particles of ice. This was seen not 
only by parhelia and paraselene when the 
sky was clear, but also in astronomical ob- 
The images of celestial objects 
were hardly ever as clear and well defined 
as at lower latitudes, although the actual 
moisture in the atmosphere was far less 
than is usual in temperate elimes, It hap- 
pened very often that, with a perfectly clear 
sky, needles of ice were deposited in great 
quantities upou all objects. It was impos- 
sible to determine the quantity of atmos- 
pheric deposits, as during the snow-storms 
no distinction could be made between the 


servations. 
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snow actually falling and that raised from 
the ground by the storm, It was remark- 
able, however, that during the first winter 
the quantity of snow was small compared 
with that of the second winter, when the 
snow almost completely buried the ship. 
The same proportion was repeated in the 
quantity of rain during the first and second 
summer; in the first only a little rain fell and 


that late in the year, while in July, 1874, it | 


rained in torrents for days. 


Life in Elevated Areas. — The general 
belief in the invigorating effect of mountain- 
air is not absolutely justified by facts: at 
least there are some elevated regions the 
inhabitants of which show none of the vigor 
and élan which we should expect to find, 
were the common opinion correct. Dr. Jour- 
danet, of Paris, writes of the inhabitants of 
the table-land of Anahuac, Mexico, that they 
appear quite languid, with pale complexion, 
ill-developed muscles, and feeble circulation, 
The mortality ef infants is 30 per cent, in 
the first year after birth. Dr, Jourdanet is 
satisfied that, while the proportion of red 
corpuscles in the blood is normal, there is a 
diminution of oxygen, the result of insufti- 


cient condensation of that gas under the | 


slight pressure of the air. For this condi- 
tion of the blood he proposes the name of 
anoxzyliemia, In Mexico, at the height of 
about 2,300 metres (7,500 feet) above the 
sea, the debilitating effects of the rarefied 
airare manifest, This is noticeable in brutes 
aswell asin men, Again, the annual growth 
of population is scarcely ever more than three 
per 1,000 on the uplands, while nearer the 
sea-level itis six or seven, Dr, Jourdanet 
asserts his belief that, in countries where 
cold is not of itself an obstacle to life, rare- 
faction of the air will prevent the founding 
of durable states at a level higuer than 
4,000 metres. 


Chinese Wheelbarrows.—In commenting 
on an improved style of wheelbarrow, a cor- 
respondent of the Gardeners Chronicle 
praises the Chinese for the ingenuity they 
display in diminishing to the last degree 
the labor of the man who propels the bar- 
row. The Chinese barrow has but one 
wheel, but it is large, and placed in the cen- 
tre of the bed of the vehicle; the entire 
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load rests on this central wheel. 

hai, thousands of these vehicles ply for hire 

in the streets, the usual load being two per- 
| sons, who sit on a wooden platform on each 

side of the wheel, resting one arm ou a 
' framework which rises above the top of the 

wheel, and planting one foot in a stirrup 
‘made of rope. “It is by no means uncom- 
| mon, however,” he adds, “to see as many 
as four persons conveyed without any par- 
ticular effort (the ground being level) by a 
stalwart coolie;’? garden and farm produce 
is transported in the same way, and even 
live-stock: the Chinese farmer being too 
sensible to attempt to drive his pigs to 
market, the barrow is often seen laden with 
a live fat hog on each side of the wheel. 


In Shang- 


Cave-Mabitations in Kentacky.— That 
some of the great caves of Kentucky were, 
temporarily at least, used as places of human 
habitation, is conclusively shown by Prof. 
Putnam’s exploration of Salt Cave. This 
cave, says Prof, Putnam, approaches the 
Mammoth Cave in the size of its avenues 
and chambers. Throughout one of the 
principal avenues, for several miles, were 
to be traced the ancient fireplaces both for 
hearths and lights. Bundles of fagots were 
found in several places in the cave. But 
the most important discovery was made in 
a small chamber, about three miles from 
the entrance. On the dry soil of the floor 
were to be seen the imprints of the sandaled 
feet of the former race who had inhabited 
the cave, while a large number of cast-off 
sandals were found, neatly made of finely- 
braided and twisted rushes. 


The Use ef Bushy Tails.—It is easy to 
see the usefulness to the opossum, monkey, 
and other animals, of their prehensile tails. 
| So, too, we can recognize the value to the 
horse and the ox of the switches by means 
of which these animals repel the attacks of 
insects. But there are other forms of the 
tail the uses of which are less evident, for 
instance, the bushy tail seen in the fox, dog, 
wolf, cat, ete. Mr. Lawson Tait holds that 
the use of this bushy appendage is com- 
pletely analogous to that of the respirator 
worn by persons troubled with lung-com- 
plaints, the object being to abstract from 
| the expired air, by means of fur in the one 
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case, and wire gauze in the other, the heat 
which is being taken out with it; so that the 
cold air inspired shall be raised in tempera- 
ture before it reaches the lungs, and there- 
by conduce to a conservation of the bodily 
heat. Some interesting considerations bear 
on this, Animals provided with bushy tails 
seem to be so as a matter of correlation of 
growth, their bodies being always provided 
with thickly-set and more or less soft fur, 
“T eamot,” says Mr. Tait, “ fiud an animal 
with a bushy tail which eannot, and does 
not, lie curled up wheu asleep. IT went 
round the Zodlogical Gardens at Dublin on 
a very cold morning in February, and found 
the civet cat, and soine other bushy-tailed 
animals, coiled up with tueir noses buried 
in the fur of their tails. 

“Tn the squirrel this use of the tail is 
very marked, and in birds the same object 
is accomplished by their burying their heads 
in the down of the shoulders, Animals pro- 
vided with bushy tails ave all solitary in 
their method of living, so far as I can find; 
and, therefore, an essential for their sur- 
vival is some method by which variations 
of temperature shall be resisted. The use 
of the tail for this purpose is, I think, best 
of all illustrated in the great ant-eater (Ayr- 
mecophaga jubata), in which the hairs of the 
tail reach a very great size, and cover up 
the animal when reposing, so that he looks 
like a bundle of dried grass. It may also 
serve as a protection by mimicry in this 
ease. Mr, Wallace states also that this ani- 
mal uses its tail as an umbrella in a shower, 
and that the Indians divert its attention from 
themselves by rustling the leaves in imita- 
tion of a falling shower, and while he is 
putting up his umbrella they kill him. Of 
the quadrumana, the marmosets afford a 
striking instance of a bushy tail as a preb- 
able provision for protecting these delicate 
creatures from depressions of the tempera- 
ture.” 


Remedy for Boiler Incrnstations.—“ Ap- 
paratine”’ is the name given to a substance 
said to be effectual in preventing incrusta- 
tion in boilers, and also usefnl wherever 
gelatine and gelatine-like substances are re- 
quired, as in sizing textile fabrics. It is a 
colorless, transparent material, obtained by 
treating any amylaceous substance with a 
caustic alkali, It is best made, however, 
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with potato-starch, treated with a lye of 
caustic potash or soda. The best method 
of preparing the apparatine is as follows: 
16 parts of potato-stareh are put into 76 
parts of water, and kept in a state of sus- 
pension by stirring; then 8 parts of potash 
or soda-lye at 25° Baumé are added, and 
the whole thoroughly mixed. In a few see- 
onds the mixture suddenly clears, forming a 
thick jelly, which must be beaten up vigor- 
ously, It is now a colorless, transparent 
substance, slightly alkaline in taste, but 
odorless, and of a stringy, glue-like consist- 
ency. Exposed to the air, it dries slowly, 
but without decomposing; and even when 
heated to dryness, although it thickens and 
swells, it continues unchanged, as when air- 
dried. 

To prevent incrustation, the apparatine 
may be placed in the boiler or added to the 
feed-water in the tank ; but the best results 
have been obtained by placing it direetly in 
the boiler. Applied to silk, woolen, and cot- 
ton goods, it gives them a smoothness hith- 
erto unattainable. When once applied te 
the goods, and become dry, it appears to be 
virtually insoluble. Diaphanous or coarsely- 
woven fabrics, when dressed with appara- 
tine, are rendered stiff and rigid. It may be 
used as a thickening in ealico-printing 
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A CORRESPONDENT of the Seientific_ Amer- 
ican states that in Minneapolis a supply of 
water for extinguishing fires is obtained in 
localities beyond the reach of the city wa- 
ter-works by sinking four drive-wells at dis- 
tances thirty feet apart, or fifteen feet from 
a centre. The pipes (24 inches) of the 
four wells are brought together at the top, 
where the suetion-hose of the fire-engine is 
attached, On trial an engine threw a con- 
tinuous stream from a 14-inch nozzle for 
one hour, The water in the tubes was then 
at the same height as at the beginning. 


Tue chaparral-hen is deseribed by a 
sportsman in Texas as avery pretty bird. 
The female lays one egg, and then com- 
menees sitting. While sitting she lays four 
more, the first being the largest and the 
fifth the smallest. The birds, when grown, 
seem to be of the same size. By the time 
the fifth egg is hatched the first is nearly 
a full-fledged bird. The first egg is about 
the size of a pheasant’s; the others range 
in size between the pheasant’s and the 
quail’s egg. 


NOTES, 


A mass of native eopper, in weight 
6,000 pounds, and taken from an ancient 
mine on Isle Royal, Lake Superior, is now 
on exhibition in St. Louis. The mass had 
evidently been detached from its bed by 
the ancient miners. 


From ealeulations made by Dr. J. T. 
Luck, of St. Louis, it appears that the death- 
rate. among officers of the United States 
Navy is astonishingly high, being Jast year 
25.45 per thousand. Assuming the aver- 
age age of naval offieers to be thirty, the 
death-rate is three times as high as that of 
civilians, 

Tue growing appreciation of American 
seientitic work in Franee is evidenced by 
the action of the Minister of Publie Works 
authorizing an exehange of the Annales des 
Afines with sundry Ameriean journals and 
publications of scientific bodies. 


To eneourage local colleetors and ama- 
teurs of science in the work of determining 
the ichthyolugy of Indiana, Prof. D. 8. Jor- 
dan, of the State Geological Survey, has 
published a preliminary list of the fishes 
whieh he has himself found, and adds a list 
of those likely to occur in Indiana waters. 


At the initial meeting of the Khedival 
Society of Geography, held June 2d, the 
Khedive was represented by his second son, 
Hussein Pasha, and there were present most 
of the prominent representatives of the for- 
eign colony in Cairo. The president, Dr. 
Sechweinfurth, addressed the meeting in 
Freneh. ‘‘ Science,” said he, “whieh had 
been carried from Egypt into Greeee and 
Italy, and thence into Central Europe, was 
now returning to its birthplace. 
munifieenee of the Khedive, a society had 
now been established whose objeet it would 
be to advance the oldest, the most univer- 
sal, and the most popular of the seiences, 
Unlike its sister assoeiations in Europe and 
America, whieh have their field of research 
in distant lands, the Khedival Society had 
all its work to do at home, so to speak.” 


In a leeture at Edinburgh on carnivorous 
plants, Dr. Balfour stated that young plants 
of Dionea musciprle wider bell-glasses do 
not thrive so well as those left free, and that 
while a pieee of beef wrapped in another 
leaf heeomes putrid, a pieee inclosed hy the 
Dione remains perfectly inodorous, but 
soon loses its red eolor, and is gradually 
disintegrated more and more till it is re- 
dueed to a pulp, 


Patuapium, when coated with palladi- 
um-blaek, becomes saturated with hydro- 
gen much more rapidly than the clean met- 
al. If, when thus saturated, it be wrapped 
in gun-eotton, an explosion ensues after a 
few seconds, and the platinum plate burns 
for a short time with a feeble flame, 
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EXPERIMENTS made by Pfaff show ice to 
be by no means a bad conductor of heat. 
Taking the conduetivity of gold as 1,000, 
platinum is 981, silver 973, iron 374, ice 
314, and tin 308. Dr. Piail suggests that 
his results will modify our views of the 
physical condition of the interior of a mass 
of iee. 


From the observations of Ehermeyer it 
appears that, in a given species of tree, the 
size of the leaves differs in proportion to 
the elevation, With equal strength of soil, 
the leaves deerease with height. Again, 
the entire amount of ash in the leaves de- 
creases with the height; and the proportion 
of phosphoric acid in the ash is much less 
in high posidens than on low ground. 


SraTuETTes and other artistie forms in 
plaster are made very closely to resemble 
silver in appearance by being covered with 
a thin coat of powdered miea. This pow- 
der is mixed with collodion and then ap- 
plied to the objects in plaster with a brush, 
after the manner of paint. The miea can 
be easily tinted in various eolors. It ean 
be washed in water, and, unlike silver, is 
not liable to beeome tarnished by sulphu- 
vetted gases. 


In Great Britain and Ireland, the exeise 
duties on liquors for the ycar ending March, 
1875, amounted to £31,917,849, being an 
increase of £600,000 over the previous finan- 
vial year, 


“So pepular are Mr. Darwin’s books,” 
says the Auylish Mechanic, “and so widely 
read, that a countryman with a basket of 
round-leaved sundews (Drosera rotundi- 
folia) has stationed himself near the Royal 
Exchange in London, and there daily drives 
a very good trade.” 


Tie exeellent Abbé Moigno, editor of 
Les Mondes, and general manager of’ the 
Catholie enterprise for diffusing a knowl- 
edge of science among the laboring-elasses 
in France, has issued a work entitled “ Ex- 
plosions of Freethinking in August and 
September, 1874,” eontaining the discourses 
of Tyndall, Du Bois-Reymond, Rh. Owen, 
Huxley, Ifooker, and Sir John Lubbock. 
The abbé appends annotations of his own. 
This is as it should be: poison and antidote ! 


Ir is asserted by E. Heekel, as the result 
of experiments made upon certain rodents 
and marsupials, that these animals, when 
fed on the leaves of poisonous solanaceous 
plants, are not subject to any injurious. 
effeets, 


A COMMITTEE appointed for the purpose 
of investigating the working of the govern- 
ment telegraph | system in England reports 
that the present Tate, one shilling per mes- 
sage, is too low, and recommends that it be 
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increased fifty per cent. The Zxanincr, on 
the contrary, asserts that only by a redur- 
tion of fifty per cent, ean the telegraph ser- 
vice be made self-sustaining, Such reduc- 
tion, it is claimed, would have the same re- 
sult as cheap postal rates. 


From experiments made ona large num- 
ber of animals belonging to diflerent orders, 
Rudolph Pott concludes that, of all animals, 
Lirds exhale the greatest amount, propor- 
tionately, of earbouic acid; after birds rank 
the mammatlia, and then insects. Worms, 
amphibia, fishes, and snails, exhale much 
less carbonie acid than birds, mammals, or 
insects. The influence of age on carbonic- 
acid exeretion is very marked : thus, for 
example, an old mouse exhaled in a given 
time 73 grammes, a young one 4.549, 
But with inseets the case is different, old 
individuals exhaling more earbonie acid 
than young. 


3. 


In Turkey, Russia, 
of pnpils receiving primary instruction in 
schools forms from | + to } per eent. of the 
population; in Spain, 1 per eent.; in Italy, 
6; in Hungary, 753 in Austria, 9; in Eng. 
land and in Norway, 123; in France, 13; 
Prussia, 15; in the United States, 17. 

On subjecting fishes to a pressure of ten 
atmospheres, Moreau found that the opera- 
tion produced no injurious effeets whatever. 
He then suddenly withdrew the pressure, 
and the fishes sueecumbed quickly 
hemorrhage, the blood having a frothy ap- 
pearanee. This phenomenon is due to the 
disengagement of the gases which, under 
the high pressure, bad been taken up by 
the blood in great quantities. 


Tr is stated in /ron that De la Bastie’s 
glass loses its molecular cohesion under a 
repetition ef blows, and then breaks like 
common glass. Tempered glass, submitted 
to hammering, presents an appearance on 
fracture similar to that of fudigué steel, a 
molecular disintegration having taken place. 
It is feared that this alteration of structure 
and loss of tenrper nay not only follow from 
shock, but may happen spontaneously from 
interior change in the lapse of time. 


A RECENT examination of the hull of 
the steamship Great Eastern showed a com- 
parative absenee of barnacles, though the 
stern-post, rudder, and serew were covered 
with them. The rest of that portion of the 
hull, whieh as a rule is below water, was 
elad with an enormous number of mussels, 
a surface of 52,000 feet being coated in 
parts toa depth of six inches. The total 
weight of the mussels is estimated at about 
300 tons. 


Tue income of the French Association 
last year was 37,126 franes, and its capital 
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fund now amounts to 174,731 franes. The 
Association gained 500 new members at its 
last meeting, Though the strictest economy 
must needs have been practised to aecnmu- 
late so considerable a fund as 175,000 franes, 
nevertheless the material encouragement of 
scientitic Investigators is not neglected. Last 
year 12,350 franes were distributed for pur- 
poses of researeh. 


Hirverro batrachians of existing types 
have been revarded as of recent geological 
date—not earlier than the Tertiary epoch. 
Recently, however, batrachian remains were 
discovered in palwozoic rocks at lgornay 
(Sadne-et-Loire), Franee. These remains 
have been described by A. Gaudry, who dis- 
covers In them affinities with the salaman- 
ders. Though the specimens appear to be 
adult, they are very stall—a little over one 
inch in length. They occur in bituminous 


| schists of the Permian age. 


As a substitute for the dredge in remov- 
ing sand-banks and other deposits from riv- 
ers, a krench engineer proposes to employ 
metal pipes pierced with holes; these pipes 
are inserted into the mass of the sand-bank 
and water driven through them at consid- 
erable pressure. In this way the sand and 
mud would be raised and agitated, and car- 
ried away by the enrrent of the river or by 
the ebb-tide, if the operation were con- 
ducted at the ebb. 


Accorpineé to Boillot, a French chemist, 
the bleaching effects usually attributed to 
chloine are in reality due to ozone. Ozone 
acts as an oxidizing 
agent, laying hold of the hydrogen of the 
substance with whieh it is in eontaet, 
whenee results bleaching if the body is col- 
ored. On allowing chlorine to act upon any 
animal or veget table matte v, it decomposes a 


certain quantity of water and seizes its 
| hydrogen, forming hydrochloric acid. The 


oxygen set free by this reaction ts trans- 
formed into ozone, which in its turn Jays 
hold of hydrogen present in oiganie mat- 
ter. 


ACTUAL experiment in England has de- 
monstrated the great advantages of the 
hammock system of conveying invalids by 
railway. The invalid suffers neither jar nor 
jolt. It is proposed to extend the benefits 
ot the hammock system to the gencral trav- 
eling publie, thus reducing the discomfort 
of railway-travel to the minimum. 


Tue cultivation of tea is making rapid 
progress in Ceylon, and extensive clearings 
of forest-land were made during the past 
year for forming new plantations. The seed 
is generally imported from India, though 
the Assam hybrid and China teas are also 
cultivated extensively. 


Principat J. W. DAWSON. 
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MARTINEAU AND MATERIALISM. 
By JOHN TYNDALL, F.B.S., LL.D, 


RESENTED in the order of their publication, these Fragments 
will, I think, make it plain that, within the last two years, I have 
added no material iniquity to the list previously recorded against me. 
Thave gone carefully over them all this year in Switzerland, bestow- 
ing special attention upon the one which has fiven most offense. To 
the judgment of thonghtful men I now commit them: the unthought- 
ful and the unfair will not read them, though they will continue to 
abuse them. 

I have no desire to repay in kind the hard words already thrown 
at them and me; but a simple comparison will make clear to my 
more noisy and unreasonable assailants how I regard their position. 
To the nobler Bereans of the press and pulpit, who have honored me 
with their attention, I do not now refer. Webster defines a sqnatter 
as one who settles on new land without a title. This, in regard to 
anthropology and cosmogony, I hold to have been the position of the 
older theologians; and what their heated suecessors of to-day de- 
nounce as “a raid upon theology,” is, in my opinion, a perfeetly legal 
and equitable attempt to remove them from ground which they have 
no right to hold. 

If the title exist, let it be produced. It is net the revision of the 
text of Genesis by accomplished scholars that the public so much 
need, as to be informed and convinced how far the text, polished or 
unpolished, has a claim upon the belief of intelligent persons. It is, 
I fear, a growing conviction that our ministers of religion, for the 
sake of peace, more or less sacrifice their sincerity in dealing with the 
cosmogony of the Old Testament. I notice this in conversation, and 
it is also appearing in print. Before me, for example, is a little bro- 
chure, in which a layman presses a clerical friend with a series of 


? Preface to the forthcoming edition of “ Fragments of Science.” 
VOL, V1I1,—9 
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questions regarding creation—the six-day period of divine activity, 
the destruetion of the world by a flood, the building of an ark, the 
placing of ereatures in it by pairs, and the descent from this ancestry 
of all living things, “‘men and women, birds and beasts.” He asks 
his friend, “Do yon, without any mental reservation, believe these 
things?” “If you do,” he continues, “then I can only say that the 
accumulated and accepted knowledge of mankind, ineluding the en- 
tire sciences of astronomy, geology, philology, and history, are [as 
far as you are concerned] naught and mistaken. If you do not be- 
lieve those events to have so happened, or do so with some mental 
reservation, which destroys the whole sense and meaning of the narra- 
tive, why do you not say so from your pulpits ?” 

The friend merely parries and evades the question, Aceording to 
Mr. Martineau, the clergy speak very differently indeed from their 
pulpits. After showing how the Mosaic picture of the genctic order 
of things has been not only altered but inverted by scientific rescarch, 
he says: “ Notwithstanding the deplorable condition to which the 
pieture has been reduced, it is exhibited fresh every week to millions 
taught to believe it as divine.” It cannot be said that error here 
does no practical harm, or that it does not act to the detriment of 
honest men. Jt was for openly avowing doubts which, it is said, 
others discreetly eutertain, that the Bishop of Natal suffered persecu- 
tion; it was for his public fidelity to scientific truth, as far as his 
lights extended, that he was branded, even during his recent visit to 
this country, as an “ excommunicated heretic.” The courage of Dean 
Stanley and of the Master of Balliol, in reference to this question, 
disarmed indignation, and eaused the public to overlook a wrong 
which might not otherwise have been endured. 

The liberal and intelligent portion of Christendom must, I take it, 
differentiate itself more and more, in word and act, from the fanatieal, 
foolish, and more purely sacerdotal portion. Enlightened Roman 
Catholics are more specially bound to take action here; for the trav- 
esty of heaven and earth is grosser, and the attempt to impose it on 
the world is more serious, in their community than elsewhere. That 
they are more or less alive to this state of things, and that they show 
an inereasing courage and independence in their demands for eduea- 
tion, will be plain to the reader of the “Apology for the Belfast 
Address.” The “ Memorial” there referred to was the impatient pro- 
test of barristers, physicians, surgeons, solicitors, and scholars, among 
the Catholics themselves. They must not relax their pressure nor 
relinquish their demands. For their spiritual guides live so exclu- 
sively in the prescientific past, that even the really strong intellects 
among them are reduced to atrophy as regards scientific truth. Eyes 
they have, and see not; ears they have, and hear not; for both eyes 
and ears are taken possession of by the sights and sounds of another 
age. In relation to science, the ultramontane brain, through lack of 
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exercise, is virtually the undeveloped brain of the child, And thus 
it is that as children in scientific knowledge, but as potent wielders 
of spiritual power among the ignorant, they countenance and enforce 
practices sufficient to bring the blush of shame to the cheeks of the 
more intelligent among themselves, 

Such is the force of early education, when maintained and per- 
petuated by the habits of subsequent life; such the ground of peril 
in allowing the schools of a nation to fall into ultramontane hands, 
Let any able Catholic student, fairly educated, and uot yet cramped 
by sacerdotalism, get a real scientific grasp of the magnitude and 
organization of this universe. Let him sit under the immeasurable 
heavens, watch the stars in their courses, scan the mysterions nebule, 
and try to realize what it all is and means. Let him bring the 
thoughts and conceptions which thus enter his mind face to face with 
the notions of the genesis and rule of things which pervade the writ- 
ings of the princes of his Church, and he will see and feel what driv- 
elers even meu of strenuous intellect may become, through exelu- 
sively dwelling and dealing with theological chimeras. 

But, quitting the more grotesque forms of the theological, I 
already see, or think I see, emerging from recent discussions, that 
wonderful plasticity of the theistic idea, which enables it to maintain, 
through many changes, its hold upon superior minds; and which, if 
it is to last, will eventually enable it to shape itself in accordance 
with scientific conditions. I notice this, for instance, in the philo- 
sophic sermon of Dr. Quarry, and more markedly still in that of Dr. 
Ryder. “There pervades,” says the Rector of Donnybrook, “ these 
atoins and that illimitable universe, that ‘choir of heaven and furni- 
ture of earth,’ which of sueh atoms is built up, a certain force, known 
in its most familiar form by the name of ‘life,’ which may be regarded 
us the ultimate essence of matter.” .And, speaking of the awful search 
of the intellect for the infinite Creator, and of the grave difficulties 
which encompass the subject, the same writer says: ‘“ We know from 
our senses finite existences only. Now we cannot logically infer the ex- 
istence of an infinite God from the greatest conceivable number of finite 
existences. There must always obviously be more in the conclusion 
than in the premises.” Such language is new to the pulpit, but it 
will become less and less rare, It is not the poets and philosophers 
unong our theologians —and in our day the philosopher who wanders 
beyond the strict boundary of Science is more or less merged in the 
poet—it is not these, who feel the life of religion, but the mechanics, 
who cling to its scaffolding, that are most anxious to tie the world 
down to the untenable conceptions of an uncultivated past. 

Before me is «nother printed sermon of a different character from 
those just referred to. It is entitled “The Necessary Limits of Chris- 
tian Evidences.” Its author, Dr. Reichel, has been frequently referred 
to as an authority, particularly on personal subjects, during recent 
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discussions. The sermon was first preached in Belfast, and afterward, 
in an amplified and amended form, in the Exhibition Building m Dub- 
lin. In passing, I would make a single remark upon its opening para- 
graph. This contains an argument regarding Christ which I have 
frequently heard used in substance by good men, though never before 
with the grating emphasis here employed. “The resurrection of our 
Saviour,” says Dr. Reichel, “is the central fact of Christianity. 
Without his resurrection, his birth and his death would have been 
alike unavailing: nay more, if he did not rise from the dead, his 
birth was the birth of a bastard, and his death the death of an impos- 
tor.” This may be “ orthodoxy ;”? but entertaining the notions that I 
do of Christ, and of his incomparable life upon the earth, if the mo- 
mentary use of the term “blasphemy ” were granted to me by my 
Christian brethren, I should feel inclined to employ it here. 

Better instructed than he had been at Belfast, the orator in Dublin 
gave prominence to a personal argument which I have already noticed 
elsewhere. He has been followed in this particular by the Bishop of 
Meath and other estimable persons. This is to be regretted, because 
in dealing with these high themes the mind ought to be the seat of 
dignity-—if possible of chivalry—but certainly not the seat of little- 
ness. “I propose,” says the preacher, “making some remarks on the 
doctrine thus propounded ” [in Belfast]. “ And, first, lest any of you 
should be unduly impressed by the mere authority of its propounder, 
as well as by the fluent grace with which he sets it forth, it is right 
that I should tell you, that these conclusions, though given out on an 
oeeasion which apparently stamped them with the general approba- 
tion of the scientific world, do not possess that approbation. The 
mind that arrived at them, and displayed them with so much compla- 
cency, is a mind trained in the school of mere experiment, not in the 
study, but in the laboratory, Accordingly, the highest mathematical 
intellects of the Association diselaim and repudiate the theories of its 
president. In the mathematical laws to which all material phenomena 
and substances are each year more distinctly pereeived to be subordi- 
nated, they see another side of Nature, which has not impressed itself 
tpon the mere experimentalist.” ? 

In view of the new virtue here thrust upon the mathematician, 
D’Alembert and Laplace present a difficulty, and we are left without 
a clew to the peculiar orthodoxy of Prof. Clifford and other distin- 
guished men. As regards my own mental training, inasmuch as my 
censors think it not beneath them to dwell upon a point so small, I 
may say that the foregoing statement is incorrect. The separation, 
moreover, of the “study” from the “laboratory” is not admissible, 


1 “Hs ist ihre Taktik, die Gegner, gegen welche sie nichts sonst auszurichten vermigen, 
verachtliech zu behandeln, und allmahblich in der Achtung des Publikums herabzusetzen.” - 
This was written of the Jesuits in reference to their treatment of Dr. Dillinger. It is 
true of others. 
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because the laboratory is a “study ” in which symbols give place to 
natural facts. The word Mesopotamia is said to have a sacred unction 
for many minds, and possibly the title of my “ Inaugural Dissertation” 
at Marburg may have an effect of this kind on my right reverend and 
reverend critics of the new mathematical school. Here accordingly it 
is; “Die Schraubenfliche mit geneigter Erzeugungslinie, und die Bedin- 
gungen des Gleichewichts auf solchen Sehrauben.” <A little tender- 
ness may, perhaps, flow toward me, after these words have made it 
known that I began my narrow scientific life less as an experimentalist 
than as a mathematician. 

If, as asserted, “the highest mathematical intellects of the Associa- 
tion disclaim and repudiate the theories of its president,” it would be 
their bounden duty to not rest content with this mere second-hand 
utterance. They ought to permit the light of life to stream upon us 
directly from themselves, instead of sending it through the polemo- 
scope’ of Dr. Reichel. But the point of importance to be impressed 
upon him, and upon those who may be tempted to follow him in his 
adventurous theories, is, that out of mathematics no salvation for the- 
ology can possibly come. 


By such refiections I am brought face to face with an essay to 
which my attention has been directed by several estimable, and in- 
deed eminent persons, as demanding serious consideration at my 
hands. I refer with pleasure to the complete accord subsisting be- 
tween the Rev. James Martineau and myself on certain points of bib- 
licalecosmogony. ‘In so far,” says Mr. Martineau, “as church belief 
is still committed to a given cosmogony and natural history of man, 
it lies open to scientific refutation.” And again: “It turns out that 
with the sun and moon and stars, and in and on the earth, before and 
after the appearance of our race, quite other things have happened 
than those which the sacred cosmogony recites.” Once more: ‘The 
whole history of the genesis of things Religion must surrender to the 
Sciences.” Finally, still more emphatically: “In the investigation of 
the genetic order of things, Theology is an intruder, and must stand 
aside.” This expresses, only in words of fuller pith, the views which I 
ventured to enunciate in Belfast. ‘The impregnable position of 
Science,” I there say, “may be stated in a few words. We claim, and 
we shall wrest from Theology, the entire domain of cosmological the- 
ory.” Thus Theology, so far as it is represented by Mr. Martinean, 
and Science, so far as I understand it, are in absolute harmony here. 

But Mr. Martineau would have just reason to complain of me, if, 
by partial citation, I left my readers under the impression that the 
agreement between us is complete. At the opening of the eighty-ninth 
session of the Manchester New College, London, on October 6, 1874, 
Mr. Martineau delivered the Address from which I have quoted. It 


3 “An oblique perspective glass, for seeing objects not directly before the eyes.”— Webster. 
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bears the title “Religion as affeeted by Modern Materialism ;” and its 
referenees and gencral tone make evident the depth of its author’s 
discontent with my previous deliverance at Belfast. T find it difficult 
to grapple with the exact grounds of this discontent. Indeed, logi- 
cally considered, the impression left upon my mind by an essay of 
great wsthetic merit, containing many passages of exceeding beauty, 
and inmany sentiments which none but the pure in heart could utter as 
they are uttered here, is vague and unsatisfactory—the author ap- 
pears at times so brave and liberal, at times so timid and eaptions, and 
at times so imperfectly informed regarding the position he assails, 

At the outset of his address, Mr. Martineau states with some dis- 
tinetness his “sources of religious faith.’ They are two—* the seru- 
tiny of Nature ” and “ the interpretation of sacred books.” It would 
have been a theme worthy of his intelligence to have deduced from 
these two sources his religion as it stands. But not another word is 
said about the “sacred books.” Ilaving swept with the besom of 
Science various “ books ” contemptuously away, he does not define the 
sacred residue; much less give us the reasons why he deems them 
sacred, Tlis references to “ Nature,” on the other hand, are magnifi- 
cent tirades against Nature, intended, apparently, to show the wholly 
abominable character of man’s antecedents if the theory of evolution 
be true. Tiere, also, his mood lacks steadiness, While joyfully 
accepting, at one place, “the widening space, the deepening vistas of 
time, the detected marvels of physiological structure, and the rapid 
filling-in of the missing links in the ehain of organte life,” he falls, at 
another, into lamentation and mourning over the very theory which 
renders “organic life” a “chain.” He claims the largest liberality 
for his sect, and avows its contempt for the dangers of possible dis- 
covery. But immediately afterward he damages the elaim, and ruins 
all confidence in the avowal. He professes sympathy with modern 
science, and almost in the same breath he treats, or certainly will be 
understood to treat, the atomic theory, and the doctrine of the con- 
servation of energy, as if they were a kind of seicntifie thimble-riggery. 

Ilis ardor, moreover, renders him inaceurate ; causing him to sce 
discord between scientific men, where nothing but harmony reigns. 
In his celebrated address to the Congress of German Naturforscher, 
delivered at Leipsic, three years ago, Du Bois-Reymond speaks thus: 
“ What conceivable eonnection subsists between definite movements 
of definite atoms in my brain, on the one hand, and on the other hand 
sneh primordial, indefinable, undeniable facts as these: I feel pain or 
pleasure; I experience a sweet taste, or smell a rose, or hear an 
organ, or see something red? ... It is absolutely and forever in- 
conceivable that a number of carbon, hydrogen, nitrogen, and oxy- 
gen atoms, should be otherwise than indifferent as to their own posi- 
tion and motion, past, present, or future. It is utterly inconceivable 
how consciousness should result from their joint action.” 
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This language, which was spoken in 1872, Mr. Martineau “ freely ” 
translates, and quotes against me. The act is due to a misapprehen- 
sion of his own. Evidence is at hand to prove that I employed the 
same language twenty years ago, It is to be found in the Suturduy 
Review for 1860; but a sufficient illustration of the agreement be- 
tween mmy friend Du Bois-Reymond and myself is furnished by the 
diseourse on “ Scientifie Materialism,” delivered in 1868, then widely 
cireulated, and reprinted here. With a little attention, Mr. Martineau 
would have seen that, in the very address his essay criticises, precisely 
the same position is maintained. “ You cannot,” I there say, “ satisfy 
the human understanding in its demand for logical continuity be- 
tween moleeular processes and the phenomena of conscionsness. This 
is a rock on which materialism must inevitably split whenever it pre- 
tends to be a complete philosophy of the human mind.” 

“The affluence of illustration,” writes an able and sympathetie re- 
viewer of this essay, in the New York Tribune, “in which Mr. Mar- 
tineau delights often impairs the distinctness of his statements by 
diverting the attention of the reader from the essential points of his 
discussion to the beauty of his imagery, and thus diminishes their 
power of conviction.” To the beauties here referred to I bear willing 
testimony; but the excesses touched upon reach far beyond the 
reader, to their primal seat and souree in Mx. Martineau’s own mind ; 
mixiug together ¢here things that ought to be kept apart; producing 
vagueness where precision is the one thing needful; poetic fervor 
where we require judicial calm; and practical unfairness where the 
strictest justice ought to be, and I willingly believe is meant to be, 
observed. 

In one of his nobler passages, Mr, Martineau tells us how the pu- 
pils of his college have been educated hitherto: “They have been 
trained under the assumptions—1. That the universe which includes 
us and folds us round is the life-dwelling of an Eternal Mind; 2. 
That the world of our abode is the scene of a moral government, in- 
cipient but uot complete; and, 3. That the upper zones of human 
affection, above the clouds of self and passion, take us into the 
sphere of a Divine communion. Into this overarching scene it is 
that growing thought and enthusiasm have expanded to catch their 
light’ and fire.” ; 

Alpine summits must kindle above the mountaineer who reads 
these stirring words; I see their beauty and feel their life. Nay, in 
my own feeble way, at the close of one of the essays here printed, I 
thus affirm the “communion” which Mr. Martineau ealls “ Divine: ” 
“¢Two things,’ said Immanuel Kant, ‘ fill me with awe—the starry 
heavens, and the sense of moral responsibility in man.’ And in his 
hours of health and strength and sanity,’ when the stroke of action 


'In the first preface to the Belfast Address I referred to “hours of clearness and 
vigor” as four years previously I bad referred to hours of “health and strength and 
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has ceased, and the pause of reflection has set in, the scientific inves- 
tigator finds himself overshadowed by the same awe. Breaking con- 
taet with the hampering details of earth, it associates him with a 
power which gives fullness and tone to his existence, but which he 
can neither analyze nor comprehend.” 

Though “ knowledge ” is here disavowed, the “ feelings” of Mr, 
Martineau and myself are, I think, very much alike. But, notwith- 
standing this mutual independence of religious fecling and objective 
knowledge thus demonstrated, he censures me—almost denounces me 
—for referring religion to the region of emotion, Surely he is incon- 
sistent here. The foregoing words refer to an inward hue or tempera- 
ture, rather than to an external object of thought. When I attempt 
to give the power which I see manifested in the universe an objective 
form, personal or otherwise, it slips away from me, declining all intel- 
Jectual manipulation. I dare not, save poetically, use the pronoun 
“he” regarding it; I dare not call it a “mind;” I refuse to eall it 
even “a cause.” Its mystery overshadows me; but it remains a mys- 
tery, while the objective frames which my neighbors try to make it 
fit, simply distort and desecrate it. 

It is otherwise with Mr, Martineau, and hence his discontent. He 
professes to now where I only claim to feel, He could make his 
contention good against me if he would transform, by a process of 
verification, the foregoing three assumptions into “ objective knowl- 
edge.” But he inakes no attempt to do so, They remain assump- 
tions from the beginuing of his address to its end. And yet he fre 
quently uses the word “ unverified,” as if it were fatal to the position 
on which its incidence falls. ‘The scrutiny of Nature” is one of his 
sources of “religious faith :” what logical foothold does that serutiny 
furnish on which any one of the foregoing three assumptions could 
be planted? Nature, according to his picturing, is base and cruel: 
what is the inference to be drawn regarding its author? If Nature 
be “red in tooth and claw,” who is responsible? On a inindless Na- 
ture, Mr. Martineau pours the full torrent of his gorgeous invective ; 
but could the “ assumption ” of “an Eternal Mind ”—even of a benefi- 
cent Eternal Mind—render the world objectively a whit less mean 
and ugly than it is? Not an iota. It is man’s feelings, and not ex- 
ternal phenomena, that are influenced by the assumption, It adds not 
aray of light nor a strain of music to the objective sum of things. 
Tt docs not touch the phenomena of physical Nature—storm, flood, or 
fire—nor diminish by a pang the bloody combats of the animal 
world. But it does add the glow of religions emotion to the human 


sanity ;” and brought down upon myself, in consequence, a considerable amount of ridi- 
cule. Why I know not, For I am still bound in honesty to confess that it is not when 
sleepy after a gluttonous meal, or suffering from dyspepsia, or even possessed by a 
physical problem demanding concentrated thought, that I care most for the “starry 
heavens, or the sense of responsibility in man.” 
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soul, as represented by Mr. Martineau. Beyond this I defy him to 
go; and yet he rashly—it might be said petulantly—kicks away the 
only philosophic:foundation on which it is possible for him to build 
his religion. 

He twits incidentally the modern scientific interpretation of Nature 
because of its want of cheerfulness, ‘“ Let the new future,” he says, 
“ preach its own gospel and devise, if it can, the means of making the 
tidings glad.” This is a common argument: “If yon only knew the 
coinfort of belief!” My reply to it is that I choose the nobler part 
of Emerson, when, after various disenchantments, he exclaimed, “I 
covet truth /?? The gladness of true heroism visits the heart of him 
who is really competent to say this. Besides, “ gladness” is an emo- 
tion, and Mr. Martineau theoretically scorns the emotional. I am not, 
however, acquainted with a writer who draws more largely upon this 
source, while mistaking it for something objective. “To reach the 
cause,” he says, “there is no need to go into the past, as though being 
missed here he could be found there. But when once he has been 
apprehended by the proper organs of divine apprehension, the whole 
life of humanity is recognized as the scene of his agency.” That 
Mr. Martineau should have lived so long, thought so much, and failed 
to recognize the entirely subjective character of this creed, is highly 
instructive. His “proper organs of divine apprehension ”—denicd, 1 
may say, to some of the greatest intellects and noblest men in this 
and other ages—lic at the very core of his emotions, 

In fact, it is when Mr, Martineau is most purely emotional that he 
scorns the emotions; and it is when he is most purely subjective, that 
he rejects subjectivity. Ue pays a just and liberal tribute to the 
character of John Stuart Mill. But iu the light of Mill’s philosophy, 
benevolence, honor, purity, haying “shrunk into mere unaceredited 
subjective susceptibilities, have lost all support from Onmiscient ap- 
proval, and all presumable accordance with the reality of things.” 
If Mr. Martineau had given them any inkling of the process by which 
he renders the “subjective susceptibilities” objective; or how he 
arrives at an objective ground of “Omniscient approval,” gratitude 
from his pupils would have been his just meed, But as it is, he leaves 
them lost in an iridescent cloud of words, after exciting a desire 
whioh he is incompetent to appease. 

“We are,” he says, in another place, “forever shaping our repre- 
sentations of invisible things into forms of definite opinion, and throw- 
ing them to the tront, as if they were the photographic equivalent of 
our real faith. It is a delusion which affects us all. Yet somehow 
the essence of our religion never finds its way into these frames of 
theory: as we put them together it slips away, and, if we turn to 
pursue it, still retreats behind; ever ready to work with the will, to 
unbind and sweeten the affections, and bathe the life with reverence, 
but refusing to be seen, or to pass from a divine hue of thinking into 
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ahuman pattern of thonght.” This is very beautiful, and mainly so 
because the man who utters it obviously brings it all out of the treas- 
ury of his own heart, But the “hue” and “pattern” here so finely 
spoken of are neither more nor less than that “emotion” and that 
“objective knowledge” which have drawn this suicidal fire from Mr. 
Martineaw’s battery. 

I now come to one of the most serious portions of Mr, Martineau’s 
pamphlet—serions far less on account of its “personal errors,” than 
of its intrinsie gravity, though its author has thought fit to give it a 
witty and sareastic tone. He analyzes and criticises “the materialist 
doctrine, which, in onr time, is proclaimed with so much pomp, and 
resisted with so much passion. ‘Matter is all I want, says the 
physicist; ‘ give ine its atoms alone, and I will explain the nniverse,’ ” 
It is thought, even by Mr, Martineau’s intimate friends, that in this 
pamphlet he is answering me. J must therefore ask the reader to con- 
trast the foregoing travesty with what I really do say regarding 
atoms: “J do not think that he (the materialist) is entitled to say 
that his molecular groupings and motions explain every thing. In 
reality, they explain nothing. The utmost he can aflirm is the asso- 
ciation of two classes of phenomena, of whose real bond of union he 
is in absolute ignorance.” This is very different from saying, “ Give 
me its atoms alone, and I will explain the universe.” Mr. Martineau 
continues his dialogue with the physicist: “‘ Good, he says; ‘take 
as many atoms as you please. See that they have all that is requisite 
to Body’ [a metaphysical B], ‘being homogeneous extended solids.’ 
‘That is not enough, he replies; ‘it might do for Demoeritus and 
the mathematicians, but I must have something more. The atoms 
must not only be in motion, and of various shapes, but also of as 
many kinds as there are chemical elements; for how could I ever get 
water if I had only hydrogen elements to work with?’ ‘So be ity 
Mr, Martineau consents to reply, ‘only this is a considerable enlarge- 
ment of your specified datum’ [where, and by whom specified ?]—‘ in 
fact, a conversion of it into several; yet, even at the cost of its mon- 
ism’ [put into it by Mr. Martineau] ‘your scheme seems hardly to gain 
its end; for by what manipulation of your resources will you, for ex- 
ainple, educe consciousness ??” 

This reads like pleasantry, but it deals with serious things., For 
the last seven years the question proposed by Mr. Martineau and my 
answer to it have been accessible to all. Here, briefly, is the ques- 
tion: “A man can say ‘1 feel, I think, I love, but how does con- 
sciousness infuse itself into the problem?” And here is the answer: 
“The passage from the physics of the brain to the corresponding 
facts of consciousness is unthinkable. Granted that a definite thought 
and a definite moleeular action in the brain oecur simultancously 3 we 
do not possess the intellectual organ, nor apparently any rudiment of 
the organ, which would enable us to pass, by a process of reasoning, 
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from one to the other. They appear together, but we do not know 
why. Were our minds and senses so expanded, strengthened, and 
illuminated, as to enable us to see and feel the very moleeules of the 
brain; were we capable of following all their motions, all their group- 
ings, all their electric discharges, if such there be; and were we inti- 
mately acquainted with the corresponding states of thought and feel- 
ing, we should be as far as ever from the solution of the problem, 

‘How are these physical processes connected with the facts of con- 
sctonsness?? The chasm between the two classes of phenomena 
would still remain intellectually impassable.” ? 

_ Compare this with the answer which Mr. Martineau puts into the 
mouth of Aés physicist, and with which I am generally credited by 
Mr, Martinean’s readers: “‘It (the problem of consciousness) does 
not daunt me at all. Of conrse you understand that all along my 
atoms have been affected by gravitation and polarity; and now I 
have only to insist with Fechner on a difference among molecules ; 
there are the trorganic, which can ehange only their place, like the 
particles in an wndmlation; and there are the organic, whieh can 
change their order, as in a globule that turns itself inside out. With 
an adequate number of these, our problem will be manageable.’ 
‘Likely enough,’ we may say [‘entirely unlikely,’ say I], ‘seeing 
how careful you are to provide for all emergencies ; and if any hitch 
should occur in the next step, where you will have to pass from 
mere sentiency to thonght and will, yon can again look in upon your 
atoms, and fling among them a handful of Leibnitz’s monads, to serve 
as souls in little, and be ready, in a latent form, with that Vorstellungs- 
fahigkeit which onr picturesque interpreters of Nature so much 
prize. ” 

“But surely,” continues Mr, Martinean, “you must observe that 
this ‘matter’ of yours alters its style with every change of service: 
starting as a beggar, with searce a rag of ‘property’ to cover its 
bones, it turns up as a prince when large undertakings are wanted. 
‘We must radically change our notions of matter,’ says Prof. Tyn- 
dall; and then, he ventures to believe, it will answer all demands, 
carrying ‘the promise and potency of all terrestrial life.’ If the 
measure of the required ‘change in our notions’ had been specified, 
the proposition would have had a real meaning, and been susceptible 
ofa test. It is easy traveling through the stages of such an hypothe- 
sis; you deposit at your bank a round sum ere you start, and, draw- 
ing on it piecemeal at every pause, complete yonr grand tour without 
a debt.” 

The last paragraph of this argument is forcibly and ably stated. 
On it Iam willing to try conclusions with Mr. Martineau. I may 
say, in passing, that I share his contempt for the picturesque inter- 


1 Bishop Butler’s reply to the Lucretian in the Belfast Address is all in the same 
strain. 
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pretation of Nature, if aecnracy of vision be thereby impaired. But 
the term Vorstellungs-fihigkeit, as used by me, means the power of 
definite mental presentation, of attaching to words the corresponding 
objeets of thought, and of seeing these in their proper relations, with- 
out the interior haze and soft penumbral borders, which the theologian 
loves. To this mode of “interpreting Nature” I shall to the best of 
my ability now adhere. 

Neither of'us, I trust, will be afraid or ashamed to begin at the 
alphabet of this question. Our first effort must be to understand eaeh 
other, and this mutnal understanding ean only be insured by begin- 
ning low down. Physically speaking, however, we need not go below 
the sea-level. Let us, then, travel in company to the Caribbean Sea, 
and halt upon the heated water. What is that sea, and what is the 
sun which heats it? Answering for myself, I say that they are both 
matter, I fill a glass with the sea-water and expose it on the deck of 
the vessel; after some time the liquid has all disappeared, and left a 
solid residue of salts in the glass behind. We have mobility, invisi- 
bility—apparent annihilation. In virtue of 


“The glad and secret aid 
The sun unto the ocean paid,” 


the water has taken to itself wings and flown off as vapor. From the 
whole surface of the Caribbean Sea such vapor is rising ; and now we 
must follow it—not upon our legs, however, nor in a ship, nor even in 
a balloon, but by the mind’s eye—in other words, by that power of 
Vorstellung whieh Mr. Martineau knows so well, and which he so 
justly scorns when it indulges in loose practices. 

Compounding, then, the northward motion of the vapor with the 
earth’s axial rotation, we track our fngitive through the higher atmos- 
pherie regions, obliquely across the Atlantic Ocean to Western Eu- 
rope, and on to our familiar Alps. Jere another wonderful metamor- 
phosis oceurs. Floating on the cold, calm air, and in presence of the 
cold firmament, the vapor condenses, not only to particles of water, 
bat to particles of crystalline water. These coalesce to stars of snow, 
and afterward fall upon the mountains in forms so exqnisite that, 
when first seen, they never fail to excite rapture. As to beauty, in- 
deed, they put the work of the lapidary to shame, while as to aceuracy 
they render conerete the abstractions of the geometer. Are these 
crystals “matter?” Without presuming to dogmatize, I answer for 
myself in the affirmative. 

Still, a formative power has obviously here come into play which 
did not manifest itself in either the liquid or the vapor. The question 
now is, Was not the power “potential” in both of them, requiring 
only the proper conditions of temperature to bring it into action? 
Again T answer for myself in the affirmative. Iam, however, quite 
willing to discuss with Mr, Martineau the alternative hypothesis, that 
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an imponderable formative soul unites itself with the substance after 
its escape from the liquid. Tf he should espouse this hypothesis, then 
T should demand of him an immediate exercise of that Vorstellungs- 
fahigkeit, with which, in my efforts to think clearly, I can never dis- 
pense. I should ask, At what moment did the soul come in? Did it 
enter at once or by degrees; perfect from the first, or growing and 
perfecting itself contemporaneously with its own handiwork? I 
should also ask whether it was localized or diffused? Does it move 
about as a lonely builder, putting the bits of solid water in their places 
as soon as the proper temperature has set in? or is it distributed 
through the entire mass of the crystal? If the latter, then the soul has 
the shape of the crystal; but if the former, then I should inquire after 
its shape. Tas it legs or arms? If not, I would ask it to be made clear 
to me how a thing without these appliances can act so perfectly the 
part of a builder? (Linsist on definition, and ask unusual questions, 
if haply Iinight thereby abolish unmeaning words.) What were the 
condition and residence of the soul before it joined the crystal? 
What becomes of it when the erystal is dissolved? Why should a 
particular temperature be needed before it can exercise its vocation? 
Finally, is the problem before us in any way simplified by the assump- 
tion of its existence? J think it probable that, after a full discussion 
of the question, Mr, Martineau would agree with me in ascribing the 
building power displayed in the crystal to the bits of water themselves. 
At all events, I should count upon his sympathy so far as to believe 
that he would consider any man unmannerly who would denounce me 
for rejecting this notion of a separate soul, and for holding the snow- 
crystal to be “ matter.” 

But then what an astonishing addition is here made to the powers 
of matter! Who would have dreamed, without actually seeing its 
work, that such a power was locked up in a drop of water? All that 
we needed to make the action of the diguid intelligible was the as- 
suinption of Mr. Martineau’s “homogeneons extended atomic solids,” 
smoothly gliding over one another. But had we supposed the water 
to be nothing more than this, we should have ignorantly defrauded it 
of an intrinsie architectural power, which the art of man, even when 
pushed to its utmost degree of refinement, is incompetent to imitate. 
I would invite Mr. Martinean to consider how inappropriate his figure 
of a fietitions bank-deposit becomes under these circumstances. The 
“aceount current” of matter receives nothing at my hands which 
could be honestly kept back from it. If, then, “ Democritus and the 
mathematicians ” so defined matter as to exelude the powers here 
proved to belong to it, they were clearly wrong, and Mr, Martineau, 
instead of twitting me with my departure from them, ought rather to 
appland me for correcting them, 

The reader of my small contributions to the literature which deals 
with the overlapping margins of science and theology will have 
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noticed how frequently I quote Mr. Emerson, I do so mainly be- 
cause in him we have a poet aud a profoundly religious mau, who is 
really and entirely undaunted by the discoveries of science, past, 
present, or prospective, In his case Poetry, with the joy of a bac- 
chanal, takes her graver brother Science by the hand, and cheers him 
with immortal laughter. By Emerson scientific conceptions are con- 
tinually transmuted into the finer forms and warmer hues of an ideal 
world, Our present theme is touched upon in the lines— 
“The journeying atoms, primordial wholes 
Firmly draw, firmly drive by their animate poles.” 


As regards veracity and insight these few words outweigh, in my 
estimation, all the formal learning expended by Mr. Martinean in 
these disquisitions on foree, in which he treats the physicist as a con- 
jurer, and speaks so wittily of atomic polarity. In fact, without this 
notion of polarity—this “drawing” and “ driving ”—this attraction 
and repulsion, we stand as stupidly dumb before the phenomena of 
erystallization as a Bushman before the phenomena of the solar sys- 
tem. The genesis and growth of the notion I have endeavored to 
make clear in my third lecture on “Light,” and in the article “Crystals 
and Molecular Foree,” published in this volume. 

Our future course is here foreshadowed. A Sunday or two ago I 
stood under an oak planted by Sir John Moore, the hero of Corunna. 
On the ground near the tree little oaklets were successfully fighting 
for life with the surrounding vegetation, The acorns had dropped 
into the friendly soil, aud this was the result of their interaction. 
What is the acorn? wliit the earth? and what the sun, without 
whose heat and light the tree could not become a tree, howeyer rich 
the soil, and however healthy the seed? I answer for myself as be- 
fore—all “matter.” And the heat and light whieh here play so potent 
a part are acknowledged to be motious of matter. By taking some- 
thing mueh lower down in the vegetable kingdom than the oak, we 
might approach much more nearly to the case of crystallization already 
discussed, but this is not now necessary. 

If, instead of conceding the sufliciency of matter here, Mr. Mar- 
tincan should fly to the hypothesis of a vegetative soul, all the ques- 
tions before asked in relation to the snow-star become pertinent. I 
would invite him to go over them one by one, and consider what re- 
plies he will make to them. Ne may retort by asking me “ Who 
infused the principle of life into the tree?” I say in answer that our 
present question is not this, but another—not who made the tree, but 
what is it? Is there any thing besides matter in the tree? If so, 
what, and where? Mr. Martineau may have begun by this time to 
discern that it is not “ picturesqueness,” but cold precision, that my 
Vorstellungs-fahigkeit demands. How, I would ask, is this vegeta- 
tive soul to be presented to the mind; where did it flourish before 
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the tree grew, and what will become of it when the tree is sawn into 
planks, or consumed in fire ? 

Possibly Mr, Martineau may consider the assumption of this soul 
to be as untenable and as nseless as I do. But, then, if the power to 
build a tree be conceded to pure matter, what an amazing expansion 
of our notions of the “potency of matter” is implied in the conces- 
sion! Think of the acorn, of the carth, and of the solar light and 
heat—was ever such necromancy dreamed of as the production of that 
massive trunk, those swaying boughs and whispering leaves, from the 
interaction of these three factors? In this interaction, moreover, 
consists what we eall Zife. It will be seen that I ain not in the least 
insensible to the wonder of the tree; nay, I should not be surprised 
if, in the presence of this wonder, I feel more perplexed and over- 
whelmed than Mr. Martineau himself. 

Consider it fora moment. There is an experiment, first made by 
Wheatstone, where the music of a piano is transferred from its sound- 
board, through a thin wooden rod, across several silent rooms in sue- 
cession, and poured ont at a distance from the instrument. The strings 
of the piano vibrate, not singly, but ten at a time. Every string sub- 
divides, yielding not one note, but a dozen, All these vibrations and 
subvibrations are crowded together into a bit of deal not more than a 
quarter of a square inch in section, Yet no note is lost. Each vibra- 
tion asserts its individual rights; and all are, at last, shaken forth 
into the air by a second sound-board, against which the distant end 
of the rod presses. Thought ends in amazement when it seeks to 
realize the motions of that rod as the music flows through it. I turn 
to ny tree and observe its roots, its trunk, its branches, and its leaves, 
iAs the rod conveys the music, and yields it up to the distant air, so 
does the trunk convey the matter and the motion—the shocks and 
pulses and other vital actions—which eventually emerge in the um- 
brageous foliage of the tree. I went some time ago through the 
greenhonse of a friend. Jle had ferns from Ceylon, the branches of 
which were in some cases not much thicker than an ordinary pin— 
hard, smooth, and cylindrical—often leafless for a foot or more. But 
at the end of every one of them the unsightly twig unlocked the exu- 
berant beauty hidden within it, and broke forth into a mass of fronds, 
almost large enough to fill the arms, We stand here upon a higher 
level of the wonderfal: we are conscious of a music subtiler than that 
of the piano, passing unheard through these tiny boughs, and issuing 
in what Mr. Martineau would opulently cali the “clustered magniti- 
cence” of the leaves. Does it lessen my amazement to know that 
every cluster, and every leaf—their form and texture—lie, like the 
music in the rod, in the molceular structure of these apparently insig- 
nificant stems? Not so. Mr. Martineau weeps for “the beanty of 
the flower fading into a necessity.” I care not whether it comes to 
me through necessity or through freedom, my delight in it is all the 
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same, I see what he sees with a wonder superadded. To me as to 
him—nay, to me more than to him—not even Solomon in all his glory 
was arrayed like one of these. 

I have spoken above as if the assumption of a son] would save Mr. 
Martineau from the inconsistency of crediting pure matter with the 
astonishing building power displayed in erystals and trees. This, 
however, would not be the necessary result; for it would remain to 
be proved that the soul assumed is not itself matter. When a boy, 1 
learned from Dr, Watts that the souls of conscious brutes are mere 
matter, And the man who would claim for matter the hnman soul 
itself, wonld find himself in very orthodox company. ‘ All that is 
created,” says Fauste, a famous French bishop of the fourth eentury, 
“is matter. The soul oeeupies a place; it is inclosed in a body; it 
quits the body at death, and returns to it at the resurreetion, as in 
the ease of Lazarus; the distinction between hell and heaven, be- 
tween eternal pleasures and eternal pains, proves that, even after 
death, souls ocenpy a place and are corporeal. God only is incor- 
poreal.” Tertullian, moreover, was quite a physicist in the definite- 
ness of his conceptions regarding the soul. “The materiality of the 
soul,” he says, “is evident from the evangelists. A human soul is 
there expressly pictured as suffering in hell; it is placed in the middle 
ofa flame, its tongue feels a eruel agony, and it implores a drop of 
water at the hands of a happier soul. Wanting materiality,” adds 
Tertullian, “ all this would be without meaning.” One wonders what 
would have happened to this great Christian father amid the roaring 
licns of Belfast. Could its exeellent press have shielded him from its 
angry pulpits, as it sheltered me?’ 

*  T have glaneed at inorganic Nature—at the sea, and the sun, and 
the vapor, and the snow-flake—and at organie Nature as represented 
by the fern and the oak. That same sun which warmed the water 
and liberated the vapor, exerts a subtiler power on the nntriment of 
the tree. It takes hold of matter wholly unfit for the purposes of nu- 
trition, separates its nutritive from its non-nutritive portions, gives 
the former to the vegetable, and carries the others away. Planted in 
the earth, bathed by the air, and tended by the sun, the tree is trav- 
ersed by its sap, the cells are formed, the woody fibre is spun, and the 
whole is woven to a texture wonderful even to the naked eye, but 
a million-fold more so to mieroseopie vision. Does consciousness mix 
in any way with these processes? No man can tell. Our only ground 


1The foregoing extracts, which M. Alglave recently brought to light for the benefit 
of the Bishop of Orleans, are taken from the sixth lecture of the “ Cours d'Histoire Mo- 
derne ” of that most orthodox of statesmen, M. Guizot. ‘(I could multiply,” continues M. 
Guizot, “ these citations to infinity, and they prove that in the first centuries of our era 
the materiality of the soul was an opinion not only permitted, but dominant.” Dr. 
Moriarty, and the synod which he recently addressed, obviously forget their own ante- 
cedents. Their boasted succession from the early Church renders them the direct off- 
spring of a “‘ materialism ” more “ brutal” than any ever enunciated by me. 
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for a negative conclusion is the absence of those outward manifesta- 
tions from which feeling is usually inferred. But even these are not 
entirely absent. In the greenhouses of Kew we may sce that a leaf 
can close, in response to a proper stimulus, as promptly as the human 
fingers themselves ; and while there Dr. Hooker will tell us of the won- 
drous fly-eatehing and fly-devonring power of the Dionwa. No man 
can say that the feclings of the animal are not represented by a drow- 
sier consciousness in the vegetable world. At all events, no line has 
ever been drawn between the conscious and the unconscious; for the 
vegetable shades into the animal by such fine gradations, that it is 
impossible to say where the one ends and the other begins. 

Tn all such inquimies we are uccessarily limited by our own powers : 
we observe what our senses, armed with the aids furnished by science, 
enable us to observe; nothing more, The evidences as to conscious- 
ness in the vegetable world depend wholly upon our capacity to observe 
and weigh them. Alter the capacity, and the evidence would alter 
too. Would that which to us is a total absence of any manifestation 
of consciousness be the same toa being with our capacities indefinitely 
multiplied? To such a being I can imagine not only the vegetable, 
but the mineral world, responsive to the proper irritants ; the response 
differing only in degree from those exaggerated manifestations which, 
in virtue of their grossness, appeal to our weak powers of observation. 

Our conclusions, however, must be based, not on powers that we 
can imagine, but upon those that we possess. What do they reveal ? 
As the earth and atmosphere offer themselves as the nutriment of the 
vegetable world, so does the latter, which contains no coustituent not 
found in inorganic nature, offer itself to the animal world. Mixed 
with certain inorganic substunces—water, for example—tiie vegetable 
constitutes, in the long-run, the sole sustenance of the animal, Ani- 
mals may be divided into two classes, the first of which can utilize 
the vegetable world immediately, having chemical forces strong 
enough to cope with its most refractory parts; the sccond class use 
the vegetable world mediately; thut is to say, after its finer por- 
tions have been extracted and stored up by the first. But in neither 
class have we an atom newly created. The animal world is, so to say, 
a distillation throneh the vegetable world from inorganie nature. 

From this point of view all three worlds would constitute a unity, 
in which I picture life as immanent everywhere. Nor am I anxious 
to shnt out the idea that the life here spoken of may be but a subor- 
dinate part and function of a higher life, as the living, moving blood 
is subordinate to the living nan. Fresist no such idea as long as it 
is not dogmatically imposed. Left forthe hnman mind freely to op: 
erate upon, the idea has ethical vitality ; but, stiffened into 2 dogma, 
the inner foree disappears, and the outward yoke of a usurping hier- 
archy takes its place. 

The problem before us is, at all events, capable of detinite state- 
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ment. We have on the one hand strong grounds for concluding that 
the earth was once a molten mass. We now find it not only swathed 
by an atmosphere, and covered by a sea, but also crowded with living 
things. The question is, low were they introduced 7 Certainty may 
be as unattainable here as Bishop Butler held it to be in matters of 
religion; but in the contemplation of probabilities the thoughtful 
mind is foreed to take a stde. The conclusion of Science, whielt ree- 
ognizes unbroken causal connection between the past und the present, 
would undonbtedly be that the molten earth contained within it cle- 
ments of life, which grouped themselves into their present forms as 
the planet cooled. The diflienlty and reluctanee encountered by this 
conception arise solely from the fact that the theologic conception 
obtained a prior footing in the human mind. Did the latter depend 
upon reasoning alone, it could not hold its ground for an hour against 
its rival. But it is warmed into life and strength by the emotions— 
by associated hopes, fears, and expectutions—and not only by these, 
which are more or less mean, but by that loftiness of thought and 
feeling which lifts its possessor above the atmosphere of self, and 
which the theologie idea, in its nobler forms, has through ages engen- 
dered in noble minds, 

Were not man’s origin impiteated, we should aceept without 3 
murmur the derivation of animal and vegetable life from what we call 
inorganic nature. The conclusion of pure intellect points this way 
und no other. But this purity is troubled by our interests in this life, 
and by our hopes and fears regurding the life to come. Reason is 
traversed by the emotions, anger rising in the weaker heads to the 
height of suggesting that the compendions shooting of the inquirer 
would be an act agreeable to God and serviceable to man. But this 
foolishness is more than neutralized by the sympathy of the wise; and 
in England at Jeast, so long as the courtesy which befits an earnest 
theme is adhered to, such sympathy is ever ready for an honest man. 
None of us here need shrink from saying all that he has a right to say. 
We ought, however, to remember that it is not only a band of Jesnits, 
weaving their schemes of intelectual slavery, under the innocent 
guise of “edneation,” that we are opposing. Our foes are to some 
extent they of our own household, ineluding not ouly the ignorant 
and the passionate, but a minority of minds of high calibre and cult- 
ure, lovers of freedom, moreover, who, thongh its objective pull be 
riddled ly logic, still tind the ethic lite of their religion unimpaired. 
But while sueh considerations ought to influence the form of our ar- 
eument, aud prevent it from ever slipping out of the region of cour- 
tesy into that of scorn or abuse, its sedstance, I think, onght to be 
maintained and presented im unmitigated strength. 

In the year 1855 the chair of Philosophy in the University of 
Munich happened to be filled by a Catholic priest of great critical 


penctration, great learning, and great conrage, who bore the brunt of 
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battle Jong before Déllinger. ITis Jesuit colleagues, he knew, inciul- 
cated the belief that every human soul is sent into the world from 
God by a separate and supernatural act of ereation. In a work en- 
titled **The Origin of the TIuman Soul,” Prof. Froschamimer, the 
philosopher here alluded to, was hardy enough to question this doc- 
trine, and to affirm that man, body and soul, comes from his parents, 
the act of creation being, therefore, mediate and secondary only. The 
Jesuits keep a sharp lookout on all temerities of this kind, and their 
organ, the Civilté Cattolica, inmnediately pounced upon Frosehum- 
mer. ILis book was branded as “pestilent,” placed in the Index, and 
stamped with the condemnation of the Church.’ 

Te will be seen in the “Apology for the Belfast Address” how 
simply and beautifully the gveat Jesuit Perrone causes the Almighty 
to play with the sun and planets, desiring this one to stop, and an- 
other to move, according to his pleasure. To Perrone’s Vorsteilung 
God is obviously a large Individual who holds the leading-strings of 
the universe, and orders its steps from a position outside it all. Nor 
does the notion now under consideration err on the seore of indefinite- 
ness, According to it, the Power whom Goethe does not dare to 
name, and whom Gassendi and Clerk Maxwell present to us under the 
euise of a “ Manufacturer” of atoms, turns out annually, for England 
and Wales alone, a quarter of a million of new souls, Taken in connec- 
tion with the dictum of Mr. Carlyle, that this amiual increment to 
ow population are “ mostly fools,” but little protit to the human heart 
seems derivable from this mode of regarding the Divine operations. 

But if the Jesuit, notion be rejected, what are we to aeeept? 
Physiologists sav that every human being comes from au egg, not 
more than ;4,th of an inch in diameter. Is this eg@ matter? I hold 
it to be so, as much as the seed of a fern or of an oak. Nine mouths 
go to the making of it into a man. Are the additions made during 
this period of gestation drawn from matter? [think so undoubtedly. 
If there be any thing besides matter in the egg, or in the iufant sub- 
sequently slumbering in the wom), what is it? The questions already 
asked with reference to the stars of snow may be here repeated. Mr. 
Martineau will complain that [am disenchanting the babe of its 
wonder; but is this the case? I figure it growing in the womb, 
woven by a something not itself, without couscions participation on 
the part of cither father or mother, and appearing in due time, a living 
miracle, with all its orgaus and all their implications, Consider tlic 
work accomplished during these uine months in forming the eye alone 


1 King Maximilian IL. brought Liebig to Munich; he helped Helmholtz in his. re- 
searches, and loved to liberate and foster seience. But he did far more damage to the 
intelleetual freedom of his country through his concession of power to the Jesuits in the 
schools, than his superstitious predecessor Ludwig [. Priding himself on being a German 
prince, Ludwig would not tolerate the interference of the Roman party with the political 
affairs of Bavaria, 
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—with its Jens, and its humors, and its miraculous retina behind. 
Consider the car with its tympanum, cochlea, and Cort?’s orgun—an 
instrument of three thousand strings, built adjacent to the brain, and 
employed by it to sift, separate, and interpret, antecedent to all con- 
sCiousness, the sonorous tremors of the external world. All this has 
been accomplished not only withont man’s contrivance, but without, 
his knowledge, the seerct of his own organization having been with- 
held from him sinee his birth in the immeasurable past, until the 
other day. Matter I define as that mysterious thing by which all 
this is accomplished. Ifow it came to have this power is a question 
on which T never ventured an opinion, Tf, then, Matter starts as “z 
beggar,’ it is, in my view, beeanse the Jacobs of theology have de- 
prived it ofits birthright. Mr. Martineau need tear no disenchantment. 
Theories of evolution vo but a short way toward the explanation of 
this mystery; while, in its presence, the notion of an atomic Manufact- 
urer and Artificer of souls raises the doubt whether those who enter- 
tain if were eyer really penetrated by the solemnity of the problem 
for which they offer such a solution. 

There are men, and they include among them some of the best of 
the race of men, upon whose minds this mystery fulls without pro- 
ducing either warmth or color, The “dry light” ct the intelleet 
suftices for them, and they live their noble lives untouched by a de- 
sire to give the mystery shape or expression, There are, on the 
other hand, men whose minds are warmed and colored by its pres- 
ence, and who, nnider its stimulus, attain to moral heights which have 
never been overtopped. Different spiritual climates are necessary 
for the healthy existence of these two classes of men; and different 
climates inust be accorded them, The history of hmmanity, how- 
ever, proves the experience of the second class to illustrate the most 
pervading need. The world will have religion of some kind, even 
thongh it should fly for it to the intellectial whoredom of “ spiritual- 
ism.” What is really wanted is the lifting power of nn ideal ele- 
ment in human life. But the free play of tlis power mnst be pre- 
ecded by its release from the torn swaddling-bands of the past, and 
from the practical materialism of the present. It is now in danger 
of being strangled by the one, or stupefied by the other. I look, 
however, forward to a time when the strength, insight, and elevation, 
which now visit us im mere hints and glimpses during moments “of 
clearness and vigor,” shall be the stable and permanent possession of 
purer and mightier minds than ours—purer and mightier, partly be- 
cause of their decper knowledge of matter and their more faithful con- 
formity to its laws. 
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OPOSSUMS AND TILEIR YOUNG. 
By Prov, W. S. BARNARD. 


i the “Perfect Description of Virginia,” 1649, the opossum was 
notieed as “ye beast that hath a bagge under her belly, into which 
she takes her young ones, if at any time affrighted, and carries them 
away.” Lawson says: “She is the wonder of all animals. The fer 
male doubtless breeds her young at her teats, for T have seen them 
stick fast thereto, when they have been no bigger than a small rasp- 
berry, aud seemingly inanimate. She has a pouch or false belly wherein 
she carries her young, after they are from those teats, till they can shitt 
for themselves, . . . Ifa eat has nine lives, this creature surely has 
nineteen; for if you break every bone in their skin, and mash their 
skull, leaving them for dead, you may come an honr after, and they 
will be gone quite away. . . . Their fur is not esteemed nor used, save 
that the Indians spin it into girdles and garters.” Aside from its en- 
rious appearance and habits, the opossum (Fig. 1) possesses an unnsnal 
interest from being our typical, and the only North American repre- 
sentative of that large order of peculiar mammals known as marsupi- 
alx. [ts mode of reproduction long remained a mystery, and even at 


Fie. 1.—ComMon ViRGINIA OpossuM (Didelphys Virginéana). 


this day almost nothing is known of its development, which, when 
thoroughly understood, must explain the origin of the poueb and other 
parts characterizing marsupials, and their relationship to allied groups. 
Having had some experience with these animals, and examined seven 
sets of young ones,’ al important stages of development, I think it 
may be worth while to record some of the observations made, 

With the general proportions of (but a longer nose than) the eom- 
mon rat, almost the size of a domestic eat, it presents a rather disa- 
grecable appearance and odor. A dense coat of light-gray wool, with 
seattered long hairs interspersed, covers the body, while the short cars, 

'The writer is indebted to Prof. Wilder, of Cornell University, and to Mr, Alexander 


Agassiz, Curator of the Museum of Comparative Zodlogy, at Cambridge, Massachusetts, 
for specimens kindly Toaned him for examination. 
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the eyes, the long pointed nose, the feet and tail, are colored quite 
dark. The strong, round, slender tail is destitute of hair, but covered, 
like the beaver’s, with scales. But the most peculiar feature of this 
animal is the mammary poeket, or marsupiun, formed by a folding-in 
of the skin on the abdomen, Its character is marked by wonderful 
cunning and stupidity combined. The daytime it spends in slothful 
idleness, but prowls abont nocturnally seeking for food, Walking or 
slowly ambling at an awkward gait, it proceeds from place to place, 
nsually following the borders of streams and ponds, often wading 
where the water is shallow. But its limbs seem best adapted to climb- 
ing; the plantigrade, hand-like feet, with thumbs’ opposable to the 
fingers, and the long, prehensile tail, strongly indicate scansorial habits 
and arboreal life. Among the trees it manifests astonishing agility, 
elinbing or swinging fromm branch to branch with perfect safety, and 
may be seen hanging by one or more of its feet, or by its tail alone, 
while busily engaged gathering and eating the wild-grapes, or haw, 
or persimmon, of which it is peculiarly fond, or robbing birds’-nests of 
their eggs or young. <A varied diet suits its omnivorous appetite, and 
it fares promisenonsly on frnits, vegetables, eggs, insects, worms, rep- 
tiles, small quadrupeds, and birds, often stealing domestic fowls. It 
commonly hides among vines and branches, in hollow trees or logs, 
or in holes in the ground. In these places also its nests of grass 
and leaves are found. In autumn, the opossums become excessively 
fat, and are then prized for food in the Southern States, espeeially by 
the negroes, whose fondness for hunting them and eating their flesh 
has already exterminated them from many localities where they 
abounded plentifully before. Their fiesh, when cooked, resembles 
roast-pig. The animal is usually sullen, stupid, and slow, but if at- 
tacked assumes a terribly fierce attitude, snarls, utters a kind of hiss 
and low growl, and will often bite ferociously, though at the first blow 
will usnally feign death, and no amount of torture will make it revive 
or show a sign of suffering, but when beaten and left for dead it will 


1 In the October “ Miscellany ” (p. 758) of this Journat, some of the facts concerning 
my contributions to the myology of the apes and man appeared incorreetly reported. 
Since the opossum’s foot was wrongly referred to as being typical and nnlike the hand 
of man, the mistake may be correeted here. The comparison of man’s foot with the 
opossum’s was unfortunate ; the right idea was expressed, but a wrong illustration chosen. 
The fact is, the opossum is pedinanons, having an opposable thumb, as was stated in a 
paper presented at the same time with the above. It has a rather highly-differentiated 
foot, whereas the contrary was supposed. 

Few, if any, animals outside the groups of the quadrumana and the opossum family 
have the parts of their muscles so specialized that one toe can be used without moving all 
the others. 

Instead of “one communis muscle,” there are several in every typical foot. My pa- 
pers show that the so-called “proprius”? muscles, such as the special extensors of the 
index, thumb, little finger, ete., which characterize the hands of man and some of the 
apes, are but parts differentiated off from one or another of the “ communis” muscles, 
and are found as parts of those muscles in lower animals with more typical feet 
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often erawl away as soon as its cnemy is gone, Its great endurance 
is also shown by the fact that when fat it can live for three or four 
weeks withont food or water. 

The female is very found of her young, enjoying with them that 
domestic felicity portrayed by Florian in his happy table, “La Sarigue 


Fig. 2.—MERIAN’s Opossum (Didelphys Dorsigera) with Younc. 


et ses petits,” and she will offer every resistance, and sufler greatly, to 
prevent any one looking into her pouch to examine her offspring. 

In Europe, Asia, and Africa, not a single marsupial exists. Our 
only species, Didelphys Virginiana, the opossum, is found from the 
Great Lakes to the Gulf, and from ocean to ocean; but it has several 
relatives in South America, where abont tweuty species exist, such as 
the sarigne, shupati, and carigueya, of Brazil. In some of these the 
ponch is rndimentary, affording little protection to the young, which 
hang fast to the nipples until able to jump about, and then are carried 
on the back of the female, where they cling to her wool and gain ad- 
ditional support by coiling their tails around Ivers. Perhaps the most 
cuuning of this sort is the so-called Merian’s oppossum (Didelphys dor- 
sigera), of Surinam, represented in Fig. g. Also, the yopoek (Cheiro- 
nectes palmatus) is peculiarly interesting on secount of its aquatic hab- 
its and webbed fect, adapted to swinuning. Its foot also has a long 
tubercle, which has been mistaken for a sixth toe, and the mouth is 
furnished with large cheek-ponches, It inhabits holes along the 
streams of Brazil, and lives on small aquatic animals, spawn of fish, 
etc. Its mode of life reminds one of the ornithorhynchus and the 
otter. A specimen of this species was caught alive near Para, in a 
fish-trap similar to the kind of basket with a fnnnel-shaped opening 
nsed for catching eels. Although marsupial animals are so exceed- 
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ingly rare in other parts of the world, the Kangaroos and almost all 
of the great variety of animals of Australia belong to this group. 
Thus it appears they are mostly tropical. 

The earliest fossil mammals known appear to be marsupials allied 
to the opossum. In the hone-eaverns of Brazil quantities of ones of 
opossimns, such as live in that country now or similar, are found. One 
species of Didelphys was found fossil in the Paris Basin, of Eocene 
formation, Other relatives of the opossum have been found in 2 fos- 
sil state, associated with the paleotherium, anoplotherium, and other 
extinet pachydermons quadrupeds; but the most remarkable are found 
in Jurassic rocks, as the earliest fossil mammais known. Their dis- 
covery in this ancient reptilian age im the limestone of Stonestield was 
so extraordinary that attempts were made, ou the one hand, to prove 
that their remains were reptilian; on the other, to prove that the rocks 
were of Tertiary origin; but it has been established, beyond all doubt, 
that these animals originated in this early reptilian age, and, proba- 
bly, by deseent, either directly or indirectly, from not very remote 
reptilian ancestry. This relationship is indicated, not only by the 
fossil remains of marsupials, but also by the anatomical and erbry- 
onic characters of marsupials and monotremes, so far as known, The 
organization of marsupials seems to be a kind of reptilian and mam- 
malian eombination, as has been shown by the valuable investigations 
of Prof. Owen, Dr. Coues, and others. 

The monotremes present the lowest grade of mammalian organi- 
zation, in many respects approaching closely to the oviparous classes 
of birds and reptiles. It is probably through these that the marsu- 
pials have gained some reptilian characters, The opossum, for exam- 
ple, has “a genuine reptilian skull,” as Dr. Cones has remarked in his 
estimable memoir on the anatomy of this animal. 

The main difficulty in tracing ont the geneslogy of marsupials is 
that our knowledge of them is confined chiefly to the living forms, 
while these must be but a small remnant of the whole group as it ex- 
isted in ancient times, when its members inhabited every land on the 
face of our globe, Even in the imagination we cannot resurrect. the 
manifold varicties of the past. But, in all probability, Prof. Haeckel 
is right in believing that this group affords a series of forms eonnect- 
ing the lower apes or lemuroids above them with the monotremes be- 
low. This would bring some of the marsupials within the lineage of 
human ancestry, and, before all others, the opossums seem most closely 
allied to the lemuroid apes. Indeed, they have already been grouped 
with man and the apes, although their structure hardly warrants sach 
a classification. Storr congregated into one group all mammals with 
an opposable thumb, Also, Ogilby adopted the name cheiropeds for 
the same group, and subdivided it into Bimana (nen), Quadrumana 
(monkeys), and Pedimana (Semiadw and opossuns). 

The characters of groups are generally arranged mto categories 
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intended to show how groups are distinct from each other; but, if it 
is equally fair to arrange those characters im such a way as to show 
the attinities of gronps with each other, and what they have in com- 
mon, we may say briefly that the placental mammals are connected 
with the marsnpials by having—I. Nipples; 2. Free clavicles; 3. An 
embryonal cloaca, and by these eharacters both groups are distin- 
guished from the monotremes below them; the marsupials and mono- 
tremes are united by having in conmon—l. Marsupial bones; 2. Un- 
developed bigeminal bodies ; 3. No placenta, and by these characters 


Fig. 3.—Youne Opossum. Natural Size. 


are distinenished from the placental mammals above ; while the mono- 
tremes join with the reptiles in possessing—1. Umted clavicles; 2. A 
permanent cloaca; 3. No mipples, and by these characters are distin- 
guished from the marsupials ebove. A great many more characters 
and fnaets from the comparative anatomy, embryology, and palwology, 
could have been used in this comparison; but those given are enough 
to show how characters ustally regarded as <//stinetive only may also 
at the same time be viewed as conneetive. 

The order of living marsupials presents remarkable diversity of 
structure and habits, containing herbivorous, inseetivorous, and car- 
nivorons species; yet we find all these traits combined in one and 
the same species, the opossum. It is probable that, by adaptation to 
similar modes of life, the marsupials have developed groups parallel 
to those of the placental mammals. However, it is certain the Quad- 
rumana seem represented by the Phalangers, the Carnivora by the 
Dasynri, Insectivora by the Phascogales, Ruminantia by the kanga- 
roos, and Edentata by the Monotremes. Rodents and bats are mu- 
merous in .Anstralia, but only one of the former is marsupial, and none 
of the latter. The subdivisions of the order are indicated by the 
niodifications of the extremities and digestive system. JA gradual 
transition is found passing from the Phalangers through the Parame- 
lide to the kangaroos. All arboreal species have an opposable thimnb. 
This thumb is rndimentary or wanting in the terrestrial species, bt 
in both the carnivorous and herbivorous groups we find a gradual 
transition to the species possessing a well-developed thumlh; thus the 
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Didelphidie (opossums) have a well-developed thumb; in some otf the 
Dasyuridewe it becomes very small, while a tolerably distinet thumb 
characterizes the Phascogales ; a rudimentary thumb in Dasyurus 3 
no external thumb in 7, Weer, but its metatarsal exists, while in 
Phylacinus even its metatarsal is gone, 


Pic. 4A, YounG Femate Ovossum (Dedelphys Virginiana), Natural Size. LB. Marsupium, 
clitoris, and vent of the same, enlarged; C, Marsupium. penis, aud vent of a male of the 
same litter, cularged. 


Below the marsupials stands the group of Monotremes, including 
the remarkable Australian Ornithorhynchus and Kehidna. In the 
former the openings of the milk-glands on the abdomen are not marked 
by any elevation or depression ; but in Eehidna we find a similar pair 
of glands, the opening of cach becoming depressed at maturity, so as 
to form a sinall pit, into which the nose of the young is inserted and 
attached, where it remains pendant and nourished while its develop- 
ment advances, This pair of little pits may be regarded as the be- 
ginning of the bilateral pocket so largely developed in some marsu- 
pials. Tf we can imagine that these depressions have become so deep 
as to envelop not only the nose of the young, but also its whole body, 
we can understand the evolution of a marsupial from something lower. 
a\t the same time we should notice that these depressions are just the 
opposite of what we find in the higher maimmalia, where the mannna- 
ry glands form larger or smaller abdominal or peetoral prominences, 
Phe milk-elands of Ornithorhynehus seem primitive, while the de- 
pressed glands of Echidua and the marsupials, and the elevated glands 
of higher mannnals, may be viewed as differentiations of the same. 

The opossum is the animal on which the first observations of mar- 
supial reproduction were made, At first the young, found in an im- 
perfect condition within the pouch, were not examined closely enough 
to disclose their real nature. They were regarded as formless and 
inanimate. Even in the “Natural Tlistory of New York,” Part L, 
the young is spoken of as “a small gelatinous bedy, not weighing 
more than a gratin.” But these ideas of the early observers still exist 
in the popular mind, and are as imperfect as their explanations as to 
how the young originated, The peculiar character of the young led 
to the belief that they must have developed from the parents’ teats, 
by a kind of metamorphosis or budding process. This gemmiparous 
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theory existed already in Tyson's time, aud was discussed by him. 
But to-day we have a more correct knowledge of their mode of repro- 
duction, which so long remained clouded with mystery. 

Ananimal born so premature as the little opossum must neces- 
sarily perish from exposure, were it not for the curious provision for 
its protection and the constant supply of milk aflorded in the pouch 
of the female. The internal cavity of the adult female muarsupium 
seems to be formed by an infolding: of the external skin. Vrom its 
opening on the median line of the abdomen the pouch extends back- 
ward and laterally, forming a kind of bilateral pocket. From the 
posterior wall of this about thirteen teats project. To these the . 
young are attached after birth, The two so-called marsupial hones 
are found in both the male and female Virginian opossums, as well 
sin some of the South American opossuins, which have only a radi- 
mentary ponch, and the monotremes, which have no pouch at all. 
The investigations of Prof. Owen have shown that these bones are no 
essential part of the marsupinm, although formerly regarded as such ; 
they attach to the anterior border of the pelvis and lic against the 
mammary glands, where the cremaster muscle winds around them, 
und makes them act to compress the glands and foree out the milk 
into the throats of the young, which at first seem too feeble to suck. 

The young opossums are born as almost helpless little bodies, with 
mouth and fore-limbs well developed. The transfer of the embryo 
from the uterus to the ponch has not been observed, but this must be 
done as with the kangaroo, where it is believed that the mother takes 
each new-born embryo between her lips and places it upon one of the 
nipples, which it grasps firmly with its mouth and the claws of its 
fore-feet. linmediately after birth, the young opossums are found 
hanging upon the mammary glands fixed in the above mamer, each 
with the hind part of its body free and pendant. At first, the month 
is a transverse, gaping fissure; but, when attached to the nipple, its 
corners soon grow up, leaving only a small, reund pore surromnding 
the neck of the teat, which enlarges, so that the suckling cannot let vo 
nor fall off, bnt hangs ou without any exertion. Each of the largest 
foetal specimens (Fig. 3) IT have examined was covered with seattered 
hairs, The nose was large and blunt, unlike that of the adult. These 
measured, from the tip of the nose to the ear, 17 wnillimetres ; from 
the ear tu the base of the tail, 39 millimetres; length of the tail, 20 
millimetres. Those of the second size (Fig. 4, A) were inch smaller, 
and, in general appearance, looked more like oposswmns than the next 
larger size, Perhaps they were of a different species. These were, 
fron the tip of the nose to the ear, 8 millimetres; from the ear to the 
base of the tail, 27 millimetres; length of the tail, 10 millimetres. 
The other specimens formed a very good series down to those of the 
smallest size, which were taken from the uterus. These sinallest 
specimens (Figs, 5, 6) measnred, from the tip of the nose to the car, 
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3.1 millimetres; from the ear to the tail, 8.0 millimetres; the tail, 3.2 
millimetres. Thus the total length of the smallest was 14.3 milli- 
metres, or about one-half an inch. 
These smaller ones resemble the hip- 
popotamus more than the opossum. 
Although found within the parent, 
they were, apparently, nearly ready 
to be born. A set of sixteen of these 
was taken from the uterns by Prof. 
Wilder. As the mother had but 
thirteen nipples, it is evident that 
improvidenee would allow three em- 
bryos to perish. Sometimes as many 
as eighteen are brought forth, and 
viten only twelve nipples exist. No 
attachment of the embryos to the 
uterine walls has been discovered, 


henee no true placenta is known. 
Still a kind of umbiliens is formed, 


Fics. 5, 6.—-FRoN?T AND Sipe Views or SmMALLEst Eupryo Opossum (D. Virginiana). Enlarged; 
entire length when straightened out, one-half inch. 


and its eicatrix marks the embryo as it did in Prof, Owen’s kangaroo, 
where it wrongly led to the supposition that a placenta might have 
beeu attached. At birth, the hind-limhbs appear as short stumps, with 
their flattened ends presenting slight marginal elevations, the begin- 
nings of toes. These toes and legs gradually elongate. Soon each toe 
has one joint, and the inner toe becomes set off from the rest. Later, 
the two longer fingers show two joints, and, finally, the inner toe be- 
comes a thumb with two joints, while each finger has three; and now 
the hind-foot closely resembles the hand of the higber quadrumana 
and man, while its fore-feet, much earlier developed, remain more 
animal-like, the great-toe being set off not so far from the others, but 
the fingers quite long. The hind-limbs are primarily much shorter 
than the front, but, developing faster, soon equal and afterward ont- 
grow the others. The same is true of the young kangaroo, where the 
hind-limbs, shortest at first, finally become many times longer than 
those in front. Thus we see that what is smallest in the embryo 
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may beeome largest in the adult. At birth, the nostrils are large, 
with 2 high rim; but the eyes are covered beneath the skin, aud 
the ears are represented by small elevations on the sides of the 
head, while the lips have a remarkable development and peculiar 
covering, which reminds ns of the first embryonie traces of the duck- 
like bill of ornithorhynehns, The tongne has a peculiar papillated 
groove above, to fit the nipple, and three very Jarge papille on its 
base. The larynx and epiglottis project so Tigh inte the broad 


pharynx that the milk swallowed passes In two currents, onc on 
either side. A very large three-lobed thymus gland lies above the 
heart. Only a rudiment of this exists in the adult. The heart is 
large, and situated on the median live, Tts position ehanges somic- 
what as it grows older. The lungs are eqnal in size. Curiously, the 
cesophacus enters the stomach near its pyloric end. A very lirge 
gland lies on the cardiae end of the stomach, Prot, Owen, speaking 
of the character of the stomach in marsupials, says: * The stomach 
is simple in the genera Didelphys, Myrmecobins, aud Parameles. 
and likewise simple in Dasyurus and Philangista; also in the kaola 
and wombat, bnt in these two aniinals it is provided with a glandu- 
lar apparatus situated to the eft of the eardiac orifice.” This is 
so large in the young Didelphys, that it is curious it does not exist 
when the animal is fully developed. In the possession of this organ, 
the young opossum agrees with the old kaola and wembat, but the 
old opossum has developed a stage further, so that the org:in becomes 
rudimentary, or disappears. The cecum is relatively twice as large 
asin the adult, The optie lobes of the brain were relatively larger, 
and the cerebral lobes somewhat sinater than when full grown. 
When first born, the male and female are, externally, exactly alike ; 
clitoris and penis are large exterual organs, just in front of the vent, 
and so meh alike, that it is Hmpossible to distingnish the female from 
the male by these parts, so markedly different at maturity. Even m 
the oldest speelmens studied, the same similarity of size and form of 
these parts exists, but the female organ stands nearer to the margin 
of the vent. Some time after birth, the testes descend into a large 
scrotum, whieh has a peculiar position, being at some distance in 
front of the penis, This is the first external sexual difference, tor, 
althongh the marsupinm begins to appear about the same time, it Is 
remarkable that the male at first has as good a pouch as the female. 
This is first seen as a cluster of very low papillie on the abdomen, 
nearly surrounded by a slight ridge. Slowly this ridge rises higher, 
and the depression extends itself deeper and more laterally, while the 
outer edge becomes a fold of skin growing inward toward the wedian 
line, until, finally, only a narrow opening is left. ‘The marsupiun of 
the male never becomes fully developed, but gradually diminishes in 
size; still it was well marked in the largest specimens studied, 

Yo the embryologist every one of these curious facts has great 
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significance. We have seen how organs exactly alike in the begin- 
ning may differentiate before our eyes into parts altogether dissimilar, 
just as individual avimals of a like kind may have their progeny 
gradually modified from generation to generation, until, finally, dif- 
ferent races are produced from a common ancestry. he adult opos- 
sum has rather slender and delicate limbs aud fingers, and a long, 
steuder, pointed nose; hence it may naturally be wondered that her 
offspring, even at sneh an early period of development, should have 
the parts of the body of an opposite character, they being, as is shown 
in Fig. 3, wonderfully bulky and chimsy, more like those of the hip- 
popotamus than any thing else. But, if we look to its possible ances- 


try, and fiud something similar, we can discover a tolerably satisfac- 
tory reason for this by regarding it as inherited. Going back to the 
Diluvial formation, we fiud the remains of huge fossil marsupials 
with similar coarse, bulky proportions, Such were the Diprotodon 
and Nototheriumn of New Holland. The skull of the former is three 
feet long, really surpassing that of the hippopotamus in clumsiness, 
while its body and limbs were built in the same bulky style, and it is 
probable that numerons smaller marsupials of the same pattern ex- 
isted in those remote ages. The embryo opossums show resemblance 
to lower animals in the general shape of the body, in the early form of 
the braiu, the peenliarities of the lips, the thymus gland, the glandular 
apparatus of the stomach, the early conditions of the reprodnetive 
and urinary organs, und the primitive condition of the mammary 
glands. Peeuliar embryonie resenblances are fonnd in the young 
of every animal of whieh the embryology is known, and these faets 
have no meaning at all to us unless they mean inheritance and 
descent. 


IDOL-WORSHIP AND FETICH-WORSHIP.’ 


By HERBERT SPENCER. 


I. 


ee already named show how saerifiees to the man reeently 
dead pass into sacrifices to his preserved body. We have seen 
that to the corpse of a Tahitian clief daily offerings were made on 
un altar by a priest; and the ancient Central Americans performed 
kindred rites before bodies dried by artificial heat. That, slong with 
a developed system of embalming, this grew into mummy-worship, 
Peruvians and Egyptians have furnished proof. [ere the thing to 
be observed is that, while believing the ghost of the dead man to 
have gone away, these peoples had confused notions, cither that it 


1 From advance-sheets of the ‘“ Principles of Sociology.” 
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was present in the muminy, or that the mummy was itself conscioas, 
Among the Egyptians, this was clearly implied by the practiee of 
sometimes placing their embalmed dead at table. The Peruvians, 
who by a parallel enstom betrayed a like belief, also betrayed itm 
other ways. By some of them the dried corpse of a parent was car- 
ried round the fields that he might see the state of the crops. Tlow 
the ancestor, thus recognized as present, was also recognized as exer- 
eising authority, we see in this story given by Santa Cruz, When 
his second sister refused to marry him, “* Huayna Capac went with 
_presents and offerings to the body of lis father, praying him to give 
her for his wife, but the dead body gave no auswer, while fearful signs 
appeared in the heavens.” 

The primitive idea that any property characterizing an aggregate 
inheres in all parts of it, implies a corollary from this belief. ‘The 
soul, present in the body of the dead man preserved entire, Is also 
present in preserved parts of his body, TIence tne faith im relies. 
Ellis tells us that, in the Sandwich Islinds, bones of the legs, arms, 
and sometimes the skulls, of kings and prineipal chiefs, are carried 
about by their descendants, under the belief that the spirits exercise 
guardianship over them. The Crees carry bones and hair of dead 
persons abont for three years. The Caribs, and several Guians 
tribes, have their cleaned bones “distributed among the relatives 
after death.” The Tasinanians show “anxiety to possess themselves 
of « hone from the skull or the arms of their deceased relatives.” The 
Andamanese “ widows may be seen with the skulls of their deceased 
partners suspended from their necks.” 

This belief in the power of relics leads in some cases to direct 
worship of them. Erskine tells us that the natives of Lifu, Loyalty 
Islands, who “invoked the spirits of their departed chiefs,” also “ pre- 
serve relies of their dead, such as a finger-nail, a tooth, a tuft of hair, 
... aud pay divine homage to it.” Of the New Caledonians Turner 
says: “In cases of sickness, and other calamities, they present offer- 
ings of food to the skulls of the departed.” Moreover, we have the 
evidence furnished by conversation with the relic. Lander says: 
“Tn the private fetich-hut of the King Addlee, at Badagry, the skull 
of that monarch’s father is preserved in a clay vessel placed in thie 
earth.” He “gently rebukes it if his snecess does not happen to 
answer his expectations.” Similarly, Catlin describes the Mandans 
as placing the skulls of their dead in a cirele. Each wife knows the 
skull of her former husband or ehild— 


“and there seldom passes a day that she does not visit it, with a dish of the 
best-eooked food. . . . There is searcely an hour in a pleasant day, but more or 
less of these women may be seen sitting or lying by the skull of their ehild or 
husband—talking to it in the most pleasant and endearing language that they 
can use (as they were wont to do in former days), and seemingly getting an 
answer back.” 
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Thus propitiation of the man just dead leads to propitiation of his 
preserved body or a preserved part of it; and the ghost is supposed 
to be present in the part as in the whole. 


Any one asked to imagine 2 transition trom worship of the pre- 
served body, or a preserved part of it, to idol-worship, would prob- 
bly fail; but transitions, such as imagination does not suggest, actually 
occur, 

The object worshiped is sometimes a figure of the deceased, made 
partly of lis remains and partly of other substances. Landa says the 
Yucatanese 
“cut off the heads of the ancient lords of Cocom, when they died, and, as if to 
cook them, cleared them trom flesh ; they then sawed off half of the top of the 
head, leaving the anterior part with the jawbones and teeth, and to these half: 
skulls they joined what they wanted in flesh with a certain cement, and made 
them us like as possible to those to whom they belonged; and they kept them 
along with the statnes and the ashes. All were kept in the oratories of their 
houses beside their idols, and were greatly reverenced and assiduously cared 
for. On all their festivals they offered them food.” . .. In other cases they 
“made for their fathers wooden statues,” left “the occiput hollow,” put in 
ashes of the burnt body, and attached “the skin of the oeciput off the corpse.” 


The Mexicans had a different method of joining, some of the de- 
ceused’s substanee with an effigy of him. When a dead lord had 
heen burned, says Camargo, “they carefully collected the ashes, and, 
after having kneaded them with human blood, they made of them 
an image of the deceased, which was kept tm memory of him.” And 
froin Camargo we also learn that images of the dead were wor- 
shiped. 

A transitional combination partially unlike in kind oceurs: some- 
times the ashes are contained in a man-shaped receptacle of clay. Of 
the Yucatanese the writer above quoted states that— 


* The bodies of Jords and people of high position were burned. The ashes 
were put in large urns and temples erected over them. . . . In the case of great 
lords the ashes were placed in hollow clay statues.” 


And in yet other cases there is worship of the relics joined with the 
representative figure, not by inclusion but ouly by proximity. Thus 
the Mexicans, aceording to Gomara— 


“closed the box fin which some hair and the teeth of the deceased king were 
present] and placed above it a wooden figure shaped and adorned like the de- 
ceased.” Then they “inade great offerings, and placed them where he was 
burnt, and before the box and figure.” 


Lastly may be named the practice of the Egyptians, who, as their 
frescoes show, often worshiped the mummy, not as exposed to view, 
but as inclosed ina case shaped and painted to represent the dead man. 
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From these examples of transition we may turn to those in which 
the funeral propitiations are made to a substituted image, 

The Mexicans practised cremation: and, when men killed in battle 
were missing, they made figures of them, and after honoring these 
burned them and buried the ashes. Tere are extracts from Clavigero 
and Torquemada : 


‘‘ When any of the merchants died on their journey, . . . his relations . . . 
formed an imperfect statue of wood to represent the deceased, to which they 
paid all the funeral honors which they would have done to the real dead body.” 

‘When some one died drowned or in any other way which excluded con- 
cremation and required burial, they made a likeness of him and put it on the 
altar of idols, together with a large offering of wine and bread.” 


In Africa kindred observanees ocenr, While a deceased King of 
Congo is being embalmed, says Bastian, a wooden figure is set 1p in 
the palace to represent him, and is daily furnished with food and 
drink. Parkyns tells us that among the Abyssinians mourning takes 
place on the third day; and, the deceased having been buried on the 
day of his death, a representation of the corpse does duty instead, 
Of some Papuan-Islanders Earl states that, when the grave is filled 
with earth, they collect round an idol and offer provisions to it. Con- 
cerning certain Javans we learn from Rafiles that after a death a feast 
is held, in which a man-shaped figure, supported round the body by 
the clothes of the deceased, plays an important part. 

These practices look strange to ns; but a stranger thing is that we 
have so soon forgotten the like practices of civilized nations. In 
Monstrelet’s “ Chronicles,” book i., the burial of Charles VI. of France 
is described thus: 


“Over the coffin was an image of the late king, bearing a rich crown of gold 
and diamonds, and holding two shields, one of gold, the other of silver; the 
hands had white gloves on, and the fingers were adorned with very precious 
rings. This image was dressed with cloth of gold,” ete. . . . “In this state was 
he solemnly carried to the church of Notre-Dame.” 


This usage was observed in the case of princes also. Speaking of the 
father of the great Condé, Madame de Motteville says, “The effigy of 
this prince was attended (servét) for three days, as was customary :” 
forty days having been the original time during which food was sup- 
plied to such an effigy at the usual hours. Monstrelet describes a like 
figure used at the burial of Henry V. of England; and the effigies of 
many English monarchs, thus honored at their funerals, are said to 
have been preserved in Westminster Abbey till they decayed. 

With these reminders before us, we ought to have no difficulty in 
understanding the primitive ideas respecting such representations. 
When we read that the Coast negroes in some districts “ place certain 
earthen images on the graves;” that the Araucanians fixed over a 
tomb an upright log, “ rudely carved to represent the luman frame ;” 
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that, after the deaths of New Zealand chiefs, wooden images, twenty 
to forty feet high, were erected as monuments—we cannot shut our 
eyes tu the fact that the figure of the dead man is an incipient idol. 
Could we doubt, our doubt would end on finding the figure persist- 
ently worshiped. J. d*Acosta tells us of the Peruvians that— 


“each king had, while living, ... a stone figure representing himself, called 
Guanqni [huanque|—i.e., brother. This figure was to be worshiped like the 
Ynea himself, during his life as well as after his death.” 


So, too, according to Andagoya— 


“When a chief died, his house and wives and servants remained as in his life- 
time, and a statue of gold was made in the likeness of the chief, which was 
served as if it had been alive, and certain villages were set apart to provide it 
with clothing, and all other necessaries.” 


And, similarly, Cogolludo testifies that the Yneatanese “worshiped 
the idol of one who is said to have been one of their great captains.” 


That we may understand better the feelings with which a savage 
looks at a representative figure, let us recall the kindred feelings pro- 
dueed by representations among ourselves. 

When a lover kisses the miniature of his mistress, he is obviously 
influenced by an association between the appearance and the reality. 
Even more strongly do such associations sometimes act. <A young 
lady known to we confesses that she cannot bear to sleep in a room 
having portraits on the walls; and this repugnanee is not unparalleled. 
In such eases, the knowledge that portraits consist of paint and can- 
vas only, fails to expel the suggestion of something more. The vivid 
representation so strongly arouses the thonght of a living personality, 
that this eannot be kept ont of consciousness, 

Now, suppose culture absent—suppose there exist no ideas of attri- 
butes, law, cause—no distinctions between natural and unnatural, 
possible and impossible. This associated consciousness of a living 
presence will then persist. No conflict with established knowledge 
arising, the unresisted suggestion will become a belief. 

Beliefs thus produced in savages have been incidentally referred 
to. Here are some further examples of them. Kane states that the 
Chinooks think portraits supernatural, and look at them with the same 
ceremony as at a dead person, According to Baneroft, the Okanagans 
“have the same aversion that has been noted on the coast” to hav- 
ing their portraits taken. We learn from Catlin that the Mandans 
thought the life put into a picture was so much life taken from the 
original. He also says: 


“They pronounced me the greatest medicine-man in the world; for they said I 
had made living beings—they said they could see their chiefs alive in two places 
—those that I had made were a dittle alive—they conld see their eyes move.” 


Nor do more advanced races fail to supply kindred facts. Concerning 


LDOL-WORSHIP AND FETICH-WORSHIP. 163 


the Malagasy, Ellis testifies that friends of the prinee, on sceing a 
photograph of him, took off their hats to it and verbally saluted it. 

That which holds of a pictorial representation holds of a carved or 
sculptured one—holds even more naturally; since the carved repre- 
sentation, being solid, approaches closer to the reality. Where the 
image is painted and has eyes inserted, this notion of participation in 
the vitality of the person imitated becomes, in the uncritical mind of 
the savage, very strong. Any one who remembers the horror a child 
shows on seeing an adult put on an ugly mask, even when the mask 
has been previously shown to it, may coneciye the awe which a rude 
efigy excites in the primitive mind. The sculptured figure of the 
dead man arouses the thought of the actual dead man, which passes 
into a conviction that he is present, 

And why should it not? If the other-self can leave the living 
body and retnter it; if the ghost can come back and animate afresh 
the dead body ; if the embalmed Peruvian, presently to be resuscitated 
by his wandering double, was then to need his carefully-preserved 
hair and nails; if the soul of the Egyptian, after its transmigrations, 
occupying some thousands of years, was expected to infuse itself once 
more into his muammy—why should not a spirit go into an image? A 
living body differs more from a mummy in texture than a mummy 
does from wood. 

That a savage does think an effigy is inhabited we have abundant 
proofs, Lander, deseribing the Yorubans, says a mother carries for 
some time a wooden figure of her lost child, and, when she eats, puts 
part of her food to its Hps. The Samoicdes, according to Bastian, 
“feed the wooden images of the dead.” The relatives of an Ostyak 


‘“‘make a rude wooden image, representing, and in honor of, the deceased, which 
is set up in the yurt, and receives divine honors for a greater or less time, as the 
priest directs. . . . At every meal they set an offering of food before the image; 
and, should this represent a deceased husband, the widow embraces it from time 
to time. . . . This kind of worship of the dead lasts about three years, at the 
end of which time the image is buried.” 


Erman, who states this, adds the significant fact that the descend- 
ants of deceased priests preserve the images of their ancestors from 
generation to gencration— 


“Cand, by well-contrived oracles and other arts, they manage to proeure offer- 
ings for these their family penates, as abundant as those laid on the altars of the 
universally-acknowledged gods. But that these latter also have an historical 
origin, that they were originally monuments of distinguished men, to which pre- 
scription and the interests of the Shamans gave by degrees an arbitrary meaning 
and importance, seems to me not liable to doubt.” 


These Ostyaks, indeed, show us unmistakably how worship of the 
dead man’s effigy passes into worship of the divine idol; for the two 
are identical, At each meal, placing the dishes before the houschold 
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god, they wait (i. e., fus¢) till “the idol, who eats invisibly, has had 
enongh.” Moreover, we are told by Bastian, that when a Samoiede 
goes on a journey, “his relatives direct the idol toward the place to 
which he has gone, in order that it may look after him.’ How among 
the nore adyanced peoples of these regions there persists the idea 
that the idol of the god, developed, as we have seen, from the effigy 
of the dead man, is the residence of a conscious being, is implied 
by the following statement of Erman respecting the Russians of 
Irkutsk: 

“ Whatever familiarities may be permitted between the sexes, the only scru- 
ple by which the young women are infalltbly controlled is a superstitions dread 
of being alone with their lovers in the presence of the holy images. Conscien- 
tions ditlicnlties of this kind, however, are frequently obviated by putting these 
witnesses behind a curtain.” 


Like beliefs are displayed by other races wholly unallied. Of the 
Sandwich-Islanders, Elis tells us that, after a death in the family, the 
survivors worship “an image with which they imagine the spirit is in 
some way connected ;”’ and also that “ Oro, the great national idol, 
was generally supposed to give the responses to the priests. Con- 
cerning the Yucatanese, Fancourt, quoting Cogolludo, says that 
“when the Itzaex performed any feat of valor, their idols, whom they 
consulted, were wont to make a reply to them;” and, quoting Villa- 
gutierre, he deseribes the beating of an idol said to have predicted 
the arrival of the Spaniards, but who had deceived them respeeting 
the result. Even more strikingly shown is this implication in the 
Quiché legend. Here is an extract from Bancroft : 


“ And they worshiped the gods that had become stone—Tohil, Avilix, and 
Hacavitz; and they offered them the blood of beasts, and of birds, and pierced 
their own ears and shoulders in honor of these gods, and collected the blood 
with a sponge, and pressed it ont into a cup before them... . / And these three 
gods, petrified, as we have told, could nevertheless resume a movable shape 
when they pleased ; which, indeed, they often did.” 


Nor is it among inferior races only that conceptions of this kind 
are found. In his “ Histoire des Musulmaus d’Espagne,” Dozy, de- 
seribing the ideas and practices of the idolatrons Arabians, says: 


“When Amroleais set ont to revenge the death of his father on the Beni- 
Asad, he stopped at the temple of the idol Dhou-’] Kholosa to make a consulta- 
tion by means of the three arrows called command, prohibition, expectation. 
Having drawn prohibition, he recommenced drawing. But three times he drew 
prohibition. Thereupon he broke the arrows, and, throwing them into the idol’s 
face, he shouted, ‘ Wretch, if the killed man had been thy father, thou wouldst 
not forbid revenging him !’” 
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ON A PIECE OF LIMESTONE? 
By WILLIAM B. CARPENTER, LL.D., F.R.S. 


ile selecting a subject for the lecture which, at the request of the 
- council of the British Association, I undertook to give you during 
its present meeting, I have been guided by the desire to tell you 
something that would benew to you in regard to matters with which 
youare already familiar, and to connect this with the results of my 
own deep-sea researches, in which I might hope that my own local 
connection with Bristol would lead you to feel somewhat of a personal 
interest. 

In the rocks that border the Avon on either side, the Bristolian 
has one of the most characteristic examples of limestone that ean he 
anywhere found; and he has only to go as far as the deep gorge of 
Cheddar, in the Mendip hills, to find liestone cliffs yet more imposing 
in height than St. Vincent’s rocks; oras faras Chepstow, to see, along 
the Wye to Tintern Abbey, a still more varied and picturesque dis- 
play of the same great rock-formation. Its material is sometimes dis- 
tinguished as the mountain limestone, on account of the rugged char- 
acter it imparts to the districts in which it prevails; while it is now 
more commonly known as the carhoniferous (coal-bearing), because it 
forms the basins or tronghs in which the “ coal-measures ” lie. Now, 
if you look at a geological map of England, you will trace this hime- 
stone as a band lying obliquely northeast and southwest ; beginning 
in Northumberland, passing through Durham and Yorkshire, through 
Derbyshire (where it forms the romantic scenery about Matlock), then 
through the midland counties (where, however, it is generally covered 
up by later formations), and then into Gloucestershire and South 
Wales, where its relation to the coal-basins is most distinctly marked. 
Speaking generally, this oblique band divides England into two great 
areas: one to the northwest, in which the strata that have been brought 
to the surface, by the crumpling action that has disturbed the crust of 
the earth during its cooling, are older than the carboniferous lime- 
stone ; the other to the southeast, in which the strata are newer, You 
have not to go far from Bristol to see examples of both. As you pass 
down the Avon, you observe a succession of limestone-strata lying 
obliquely one beneath another; and at last you come to an end of 
these, and find that the next underlying rock is that Old Red Sand- 
stone, of which the massive pier on the Somersetshire side of the sus- 
pension bridge is built. And Dundry Hill, which is everywhere so 
conspicuous, is formed at its lower part of Lias, and at its upper part 
of Oolite, two later formations which were not deposited until after the 

1 A Lecture given to the workingmen of Bristol, at the meeting of the British Asso- 
ciation, August 28, 1875. 
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carboniferous limestone had been uplifted to something near its pres- 
ent position, By measuring the whole length of the succession of 
limestone-strata that presents itself along the gorge of the Avon, and 
making the requisite allowance for their slope, the geologist has no 
difficulty in determining their thickness; and he can say with cer- 
tainty that, if these successive beds of limestone were piled borizon- 
tally upon one another, in the same manner as when they were first 
formed, their total thickness would exceed 2,000 fect. 

Further, you must think of these strata, not only as they present 
themselves at the surface, but as underlying all our coal-fields, and as 
probably extending very far beneath the newer strata to the southeast 
of the dividing band I have just spoken of. Thus, if you Jook again 
at the geological map, and notice how the great South Wales coal- 
field is surrounded by the blue band that indicates the carboniferous 
limestone, you must think of this limestone as really continuous over 
the whole of the included area, since it is met with at all points in 
which the eoal-pits are sunk deep enough to reach it. And so in the 
midland counties, where the map indicates New Red Sandstone and 
later formations as the surface-strata, these, on being bored through, 
are found to have coal beneath them; and if we continue the boring 
downward through the coal-measures, we everywhere come to the 
limestone-base of this great and important carboniferous series. Tlow 
far this series extends beneath the newer deposits which form the land 
of the southeastern portion of England, no geologist can at present 
say with certainty. If it really underlies them, it must be at an enor- 
mous depth, as the results of the Sub-Wealden boring have clearly 
proved. 

Although we are accustomed to speak of the coal-basins of Nor- 
thumberland, Durham, Yorkshire, Staffordshire, Gloucestershire, Som- 
ersetshire, and South Wales, as distinct and separate, it is important 
to bear in mind that they were probably continuous when the coal- 
measures were first formed, the “basins” not having then taken shape. 
This shape was given them by the great disturbance of the older crust 
of the earth which marked the close of the Paleozoic period, and 
which brought up the carboniferous limestone into the ridges that now 
constitute the borders of the basins. 

It is this upheaval which has given us access to a vast storcliouse 
of a material of the greatest value to man. Every Bristolian knows 
the use of this limestone, alike for building and for the making of 
roads ; and the demand for it in the midland counties, to which the 
Severn affords an easy water-carriage, hastens the already too rapid 
demolition of his beautiful cliffs. When “burned,” i. e., reduced by 
heat to the condition of “quicklime,” it becomes—in virtue of its 
peculiar power of combining with water—the basis of all mortars and 
cements. It is as indispensable to the iron-smelter as the coal by which 
his furnaces are heated, since without its presence he could net reduce 
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the metal from its ores. It is of no less importance in our great chem- 
ical manufactures ; such, for example, as that of alkali and bleaching- 
powder, And the agrieulturist makes large use of lime in inereasing 
the productiveness of many soils whieh would be otherwise comparn- 
tively barren. 

Now, let us inquire by what agency, and under what circumstances, 
these vast limestone formations were produced. 

You all know that, in particular beds of your Avonside rocks,,fos- 
sils are met with in great abunudanee, so that any one who looks for 
them may find stones that seem almost made up of shells, corals, ete. 
but in other beds, some of them of great thickness, scarcely any traces 
of fossils are found, the whole rock having a uniform sub-crystalline 
texture. Now, in regard to the first, it is easy to show that the fos- 
sils are not merely imbedded in the rock, as they are in a sandstone or 
a clay, but that the rock is really made up of them ; for, when we cut 
thin slices of such specimens, and examine them with the microscope, 
we find that the “matrix,” or uniting material by which the fossils 
are held together, is itself composed of minute fragments of the same 
organie forms, mingled, it may be, with entire specimens of minuter 
forms. But what are we to say of the massive beds of sub-erystalline 
stone, in which no trace of fossils is to be found? This question we 
shall be better able to answer, when we have taken a glance at the 
other limestones which present themselves in different parts of the 
great geological succession. 

The oldest stratified rocks of which we have any knowledge are 
those which make up the great Laurentian formation, first investi- 
gated by the late Sir William Logan, the distinguished geologist who 
was employed by the Government of Canada to examine the geologi- 
cal structure of that country. This formation chiefly consists of 
quartz, hornblende, felspar, and other mineral constituents, without 
any admixture of lime ; but near its base isa very remarkable stratum 
of “serpentine limestone,” extending over hundreds of square miles, 
which has a distinctly organic structure. It is composed of a series 
of layers, usually very thin, of carbonate of lime alternating with 
serpentine (magnesian silicate); and the microscopic examination of 
the calcareous layers first made by Principal Dawson, of Montreal, 
and afterward extended by myself, has satisfied us that the ealeareous 
layers form a composite fabric of shelly substance, having a regular 
chambered arrangement, and that the serpentine takes the place of 
the original animal which oceupied these chambers and formed the 
shell, The animal resembled, in its extreme simplicity of structure, 
the minute “ jelly-specks” by which the Globigerina-shells that eover 
the Atlantic sea-bed are cyen now being formed; and differed from it 
only as the animal of a large composite coral mass differs from that 
of a simple coral, in extending itself indefinitely by budding ; so that 
a large continuons zodphytic growth was produced, bearing a strong 
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resemblance to a coral-reef, instead of the aggregate of minute aud 
separate shells which formed the old Chalk, and which Is even now 
continuing the like formation. I do not know any more remarkable 
result of microscopic inquiry, than the very distinct evidence it has 
afforded, in well-preserved specimens of this Lozodén Canadense, of a 
minutely tubular structure, which my own researches into the struct- 
ure of the Loruminigeru enable me to identify with certainty as be- 
longing to that type. For we are thus carried back in geological 
time to a period so extremely remote, that (as Sir William Logan re- 
marked) the oldest fossils previously known are modern in compari- 
son, The investigations of Sir Roderick Murchison have shown that 
the equivalent of the Laurentian in this country is the “ fundamental 
gneiss ” of Scotland, which (as I was shown a few days ago by my 
friend Mr. Symonds, of Pendock) crops up in the Malvern Hills, Now, 
in Central Europe this fundamental gneiss has a thickness of 90,000 
fect; and near its base Prof. Giimbel has recognized the equivalent 
of the Canadian £ozoén, which mnst have thus preceded the life of 
what has been called the “ primordial zone,” corresponding to our 
Cambrian rocks, by an interval of time so great that no geologist 
would venture to assign a limit to it. 

The Cambrian series, consisting of the grits, sandstones, and slates, 
that form the mountains of North Wales, scarcely contain any lime- 
stone; and we may pass from this to the Stherian, or Mid-Wales, 
series in which we have the well-known Dudley limestone, as well as 
other less important seams, A slab of Dudley limestone usually 
shows an extraordinary variety of fossils, among which the most con- 
spicuous are generally the beaded stems of Enerinites; the joints of 
these stems, when separated by the weathering of the rock, being 
known in the north as “St. Cuthbert’s beads,” The whole of this 
limestone is obviously made up of the corals, shells, crinoids, ete., 
which we, find imbedded in it, and of a matrix formed by comminuted 
fragments of the like types. A much greater development of these 
caleareous beds presents itself in North America, the Trenton lime- 
stone occurring in the lower Silurians, and the Niagara limestone in 
the upper; and these rocks have obviously been formed by the same 
agency as the Dudley limestone. 

Passing on now to the Vevoniun series, we find beds of limestone 
interposed among the sandstones, shales, and’ conglomerates, of which 
it is chiefly composed; and these, like the Silurian limestones, are 
made up of the fossilized remains of corals, shells, crinoids, etc., more 
or less resembling those of earlierage. It is on the Old Red Sandstone, 
which is here the uppermost member of the Devonian formation, that, 
as I have already pointed out, onr Carboniferous series immediately 
rests; its lower beds being distinguished as “limestone shales,” on ac- 
count of the interposition of seams of shale (formed of a mixture of 
sand and clay) between the layers of limestone. 
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Postponing for the present the more detailed inquiry into the 
origin of our own Limestone, of which this general survey is the pre- 
Inde, I pass on to the Permian formation, which rests upon the Car- 
boniferous, and has been upheaved with it, having been deposited pre- 
viously to the general disturbance that closed the Palxozoic (ancient 
fe) period. Of this Permian formation there are few traces in our 
part of England; but it has a much greater development in the north, 
and to it belongs that remarkable bed of Magnesian limestone which 
comes to the surface in Northumberland and Durham. It is of this 
stone (xclected on account of the durability it has shown in York Min- 
ster and other old buildings) that the Houses of Parliament are built. 
Now, although very few fossils are found in this rock, yet I believe 
that most geologists would agree that it was originally formed, like 
limestones generally, by the growth of corals, shells, ete., whieh sepa- 
rated the carbonate of lime from the sea-water they inhabited ; its 
subsequent conversion into magnesian limestone having been proba- 
bly effected by the infiltration of water in which magnesia was dis- 
solved. In the Eozoic limestone of Canada, I have myself frequently 
met with veins of dolomite (magnesian limestone), which retain the 
general arrangement characteristic of the original shell, although its 
minute structure has been obliterated by this metamorphic action. 

Passing on now to the Secondary or Mesozoic (middle life) series, 
we find that although the Zéas, which is the oldest member of it, is 
represented in England by sandstones alone, there is an important 
bed of limestone in Germany called the Muschelkalk (shell-limestone), 
which is interposed between the lower and the upper New Red Sand- 
stones. This bed derives its name from the fact that it is obviously 
formed by an aggregation of shells, mingled with other fossils, among 
which the beautiful Lily Encrinite is one of the most abundant. In 
the Lias, which overlies the New Red Sandstone, a considerable por- 
tion of lime is generally mingled with the clay deposits of which this 
formation is principally composed; and some of its beds, especially 
on the northeast of Yorkshire, are almost entirely calcareous. If you 
walk along the shore between Saltburn and Whitby, and examine the 
blocks which have fallen from the lias clif’s above, you will find them 
to be almost entirely made up of fossils; among which Delemnites— 
conical chambered shells, with solid calcareous “ guards,” which be- 
longed to animals resembling euttle-fishes—are specially abundant. 
And here, as elsewhere, the calcareous matrix in which the fossils are 
imbedded, though sub-erystalline in some parts, is obviously made up 
in others of fragments of shell, etc., ground down by the action of the 
sea in which the deposit was formed. The Lias abounds in the ueigh- 
borhood of Bristol, and is exposed in many railway-cuttings. These, 
when in progress some forty years ago, yielded many valuable fossils, 
especially skeletons of the great Fish-Lizards, which you will see in 
the Museum of the Bristol Institution. In this neighborhood, also, 
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you have a splendid illustration of the great Oolitic formation, which 
is almost entirely made up of calcareous deposits that can be clearly 
traced to an animal origin, although their condition is now very dif- 
ferent. The Coral Rag of Oxfordshire is an old coral-reef that has 
undergone very little change, consisting of fossil corals, and of the 
shells, crinoids, ete., that lived on the reef. And the “ freestones” 
of Bath and Portland are mainly composed of the fine sand which 

yas formed by the wearing-down of similar reefs, of which the re- 
mains are found here and there. The name “ oolite” or roe-stone, is 
given to the whole formation, on account of the resemblance in texture 
borne by some of its characteristic members to the roe of a fish; but 
this “ oolitic” structure is not peculiar to the Oolitic formation, being 
found in other limestones, as I shall presently pomt ont to youn. A 
very curious example of the “metamorphic” aetion by which the 
texture of a calcarecus rock may be so completely altered as to con- 
ceal its origin is afforded, by the fact that the beautiful Carrara marble, 
which is used for statuary, belongs to the Oolitic formation, If this 
metamorphism, the nature of which I shall presently explain, proceeds 
further, it will prodace large crystals of cale-spar; and I remember 
that Mr. Baily, the sculptor of the beautiful statue of “Eve at the 
Fountain,” which is in your Fine Arts Gallery, was greatly embar- 
rassed by a vein of cale-spar that ran through the block from which 
he eut it, and had to let a patch of marble into Eve’s back. The next 
great calcareous formation above the Oolite is the Chalk, the material 
of which is exactly the same as that of limestone, although its texture 
is so different, Our deep-sea researches have entirely confirmed the 
opinion which had been previously formed on the basis of microscopic 
research, that the whole of the enormous mass of Chalk now raised 
up into the cliffs and downs of the southern portion of England was 
tormed on the bed of the ocean, by the ageney of animals—chiefly the 
minute Foraminifera, which separate carbonate of lime from the sea- 
water as the material of their shells; just as successive generations 
of fresh-water mussels living in a lake form a bed of caleareons marl 
on its bottom by the decay of their shells, which sets free in a solid 
form the lime they have taken from the water that poured it into the 
lake in solution. We have brought up by the hundred-weight, from 
depths of three miles in the Atlantic, a white mud, which, when 
dried, exactly resembles chalk; and this, when examined with the 
microscope, is found to consist partly of perfects shells of minute 
Globigerine, of which many hundreds would only weigh a grain, 
and partly of what we call Globigerina ooze, which is obviously the 
product of the deeay of former generations of similar shells. 

In the Zertiary or Neozic (modern life) series, we find many lime- 
stone deposits of considerable importance, but none so vast as those 
to which I have previously drawn your attention. 'The most extensive 
is the “ nummulitic limestone,” which is one of the oldest members 
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of the Locene formation, the earliest of the tertiaries. We find this 
limestone forming a bed of considerable thickness on the flanks of the 
Pyrenees, and extending from the shores of the Atlantic along the 
south of France to the Alps, in some parts of which it shows a thick- 
ness of fifteen hundred feet, thenee across to Asia Minor, Northern 
India, and probably to the Pacitie shore; while another division of it 
ranges along Northern Africa, and is especially noteworthy in Egypt, 
where it rises into the hills that border the Nile for a long distance 
above Cairo, and furnishes the stone of which the Pyramids are built, 
and out of which the Sphinx is carved. This stone not merely con- 
tained newmmlites, which are Foraminiferal shells much larger than 
Globigerina (sometimes attaining the size of a half-crown), but is en- 
tirely made up of them, and of the fragments of those which have 
been ground down by the action of the waves, as well as of other 
shells inhabiting the same sea; all cemented into a solid mass by the 
process I shall presently describe. Another limestone of more limited 
extent, belonging to the Eocene age, is found in the neighborhood of 
Paris, and has furnished the material of which that beautiful city is 
built. This is entirely made up of the minute Foraminiferal shells 
termed A/iliole, from their resemblance in size to grains of millet, and 
is known as “ miliolite limestone.” Soin Malta and in the neighbor- 
hood of Vienna, there are limestones entirely composed of shells, 
corals, and Foraminifera, which were formed in the Miocene or Middle 
Tertiary period. And we have on the coast of Suffolk the caleareous 
bed known as the “ coralline crag,” to which equivalents are found in 
various parts of Europe, that belongs to the Pliocene or Later Ter- 
tiary period, The material of this bed is chiefly contributed by the 
calcareous skeletons of composite animals that formerly ranked as 
zoiphytes, but are now distinguished as Polyzoa. Although individy- 
ally extremely minute, in fact microscopic, they have a very compli- 
cated structure, allied to that of the lower Mollusks; and they extend 
themselves like trees by continuous budding, so that the fabrics they 
form often have a stony solidity. They abound in our own seas, and, 
as we shall presently find, they extend very far back in geological 
time, 

Thus, then, we see that, in the case of the Secondary and Tertiary 
limestones, there can be no question of their production by the ageney 
of animals, which separated carbonate of lime from its solution in 
sea-water, and formed it into corals, shells, ete., just as similar animals 
are doing at the present time. And we have in these calcareous de- 
posits many instances of local “metamorphism,” which show that the 
existence of a sub-crystalline, or even of a complete crystalline, ar- 
rangement in the particles of carbonate of lime is no proof that the 
materials of these deposits were not originally drawn from their solu- 
tion by the agency which formed those whose organic origin is obvious, 
Thus in the neighborhood of the Giant’s Causeway, where volcanic 
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rocks haye burst up through the chalk which forms a long succession 
of fine cliffs on the Antrim coast, this chalk has been so altered in text- 
ure as almost to resemble marble, all trace of its original nature be- 
ing obliterated. Knowing, as we do, how much more extensive and 
potent must have been the agencies which were at work in metamor- 
phosing the Paleozoic rocks, we have no difficulty in accounting for 
the fact that vast beds of our Carboniferous Limestone now show lit- 
tle or no trace of the organie texture which we believe them to have 
originally possessed. That you may better understand the nature of 
this metamorphosis, I shall now show you some of the chemieal prop- 
erties of carbonate of lime, whieh is the material of all calcareous 
rocks alike, whether showing the perfect crystalline form of cale-spar, 
the close minutely-crystalline arrangement of marble, the sub-crystal- 
line texture of limestone, the “‘roe-stone ” aggregation of oolite, or 
the fine powdery condition of chalk, 

If we treat a piece of any one of these substances with dilute nitric 
or muriatic acid, an effervescence is immediately produced by the lib- 
eration of carbonic acid, while the lime is dissolved ; and this gives a 
ready way of distinguishing a caleareous from any other rock, In 
“burning ” limestone, on the other hand, the union of the carbonic 
acid and the lime is dissolved by heat; the carbonic acid is driven off, 
and the lime remains behind in the condition of ‘ quicklime.” This is 

ery greedy (so to speak) of carbonic acid, and is always trying to get 
it back again. We can dissolve a small quantity of quicklime in 
water; and if we leave this with a large surface exposed to the air, 
it gradually recombines with the carbonic acid which it draws from 
the air; and, as the carbonate is nearly insoluble in water, it falls as 
a fine white powder, making the water turbid. We may do the same 
ipa moment, by blowing through a pipe into a glass of lime-water, 
our breath containing a considerable quantity of carbonic acid; and 
we may then clear the liquid again, by a drop or two of nitric or mn- 
riatic acid. But, though insoluble in pure water, carbonate of lime is 
slightly soluble in water whieh is already charged with carbonic acid ; 
and, as all rain-water brings down carbonic acid from the air, it is ca- 
pable of taking up carbonate of lime from the soils and rocks through 
which it filters; and it thus happens that all springs and rivers, that 
rise in localities in which there is any kind of ealcareous rock, become 
more or less charged with carbonate of lime kept in solution by an 
excess of carbonic acid. This is what gives the peculiar character to 
water which is known as “hardness;” and a water hard enough to 
eurdle soap may be converted into a very “soft”? water (as the late 
Prof, Clark, of Aberdeen, showed) by the simple addition of lime- 
water, which, by combining with the excess of carbonic acid, causes 
the precipitation of all the lime in solution in the form of insoluble 
carbonate, which gradually settles to the bottom, leaving the water 
clear. It is this solvent power of water charged with carbonic acid, 
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which has been the great agent in the metamorphism of many calea- 
reous rocks, whereby their texture has been entirely changed, while 
their composition remains unaltered; and it acts with augmented po- 
teney where heat and pressure concur to increase it. Of this we have 
an example in the action of hot springs highly charged with carbonic 
acid, such as we often find in voleanic localities ; it is to such that the 
formation of the “travertine” limestone of Italy is due, the carbonate 
of lime being slowly deposited almost in the condition of marble, when 
the excess of carbonic acid is disengaged, and the water is dispersed 
in vapor, by free exposure to air. We have familiar examples of this, 
on a more limited scale, in the formation of the “stalactites” which 
hang from the roofs of caves in limestone rocks (as at Cheddar), and 
in the “stalagmitic ” crust formed by their droppings on the floors. 
Those who have had opportunities of observing the changes which 
have taken place in the condition of recent corals that have been up- 
heaved by volcanic action above the level of the sea, in the “area of 
elevation” to which Mr. Darwin drew attention forty years ago, assure 
us that their texture is often so changed, that detached pieces of them 
could not be distinguished from picces of sub-crystalline limestone. 
I well remember haying first learned this from Mr. 8. Stutehbury, who 
was the curator of the museum here when I was a youth, and who was 
the first to observe the ring of upraised coral which encircles the cone 
of the great volcano of Tahiti, and which belongs to the same type as 
that now forming reefs around the coast of that island. Ile told me 
that some specimens of it, which he had collected and brought home, 
were treated by his brother, a professed mineralogist, as specimens of 
carboniferous limestone. The formation of oolites, again, may be 
studied at the present time. When a bed of calcareous sand, formed 
by the wearing down of shells or corals, is raised above the sea-level, 
and is penetrated by rain-water charged with carbonic acid, this, dis- 
solving the carbonate of lime of the surface-layer, deposits it again 
around the grains of the deeper layers, which it invests with con- 
centric coats. Such oolites present themselves in various geological 
epochs, indicating the similarity of the past and present conditions. 
There are oolitic beds, for example, in the Clifton rocks; and we thus 
know that these must have been shore formations; while other beds 
seem to have been deep-sea deposits, resembling the Globigerina mnd 
of the present Atlantic sea-bottom, For there is in Russia a very 
extensive bed of limestone belonging to the carboniferous series, which 
is as completely composed of Fusudine (an extinet type of foraminifers 
about the size of a sugar-plum) as the nummulitic limestone is of num 
mulites. In the clay-seams, again, which we sometimes find inter 
posed between beds of pure limestone, numerous Foraminifera are 
found well preserved, of which some belong to types still living; and 
my friend Mr. H. B. Brady, of Newcastle, who has been lately making 
@ microscopic study of the Carboniferous Foraminifera, has found their 
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remains abundant in specimens of this limestone which do not show 
any indications of organic structure that are obvious to the naked eye. 
If the Globigerina-mud were to be subjected to the pressure of an 
enormous weight of rock deposited above it, and then to the heat and 
pressure which we know must have accompanied the great crumpling 
of the earth’s crust that made the marked separation between the 
Paleozoic and the Secondary epochs, we may well believe that it 
would have been metamorphosed into a limestone closely resembling 
the least fossiliferous of the Avonside rocks ; and we have no difficulty 
in accounting for the vast thickness of these beds, if we regard them 
as having been progressively formed on the bottom of a very deep 
ocean, through a long succession of ages. 

That certain beds of the Avonside rocks are ancient Coral-Reefs, 
cannot be a matter of question; for we find them to be entirely made 
up of fossil corals, together with the fossilized shells and crinoids 
which such reefs would have supported. This was especially the 
case with what used to be ealled the “black rock” under the sea- 
wall, which has been nearly all quarried away since, when a boy, I 
brought home a piece of it as large as I could carry, wondering at 
such an accumulation of fossils, but without any such understanding 
of their import as that which J am endeavoring to give you. Every 
one has heard of the coral reefs and islands, which are popularly 
said to be “ built up ” in tropical seas by the agency of “ insects,” as 
bees build their waxen combs. ‘ And I suppose that every one of you 
is familiar with specimens of some kind of coral brought home by a 
seafaring friend, or has seen such in your musgum. Now, the fact is, 
that all these corals are the production of animals resembling in es- 
sential points the common sea-anemone, but differmg from it in de- 
positing a stony skeleton in the fleshy substance which forms its base, 
and also in the radiating partitions which surround its stomach. We 
have on our own shores a small type of the coral-forming polyps, in 
the little Caryophyllia, which, when the animal is expanded, you 
would take to be a small sea-anemone, but which, when contracted, 
shrinks down into its stony cup. The J’ungia of tropical seas is a 
much larger solitary polyp cf the same kind; and you will often 
meet with its stony disk, four or five inches in diameter, with beauti- 
ful thin vertical plates radiating from the centre to the circumference, 
very much like the “ gills” of the under-side of a mushroom (fungus), 
whence its name is derived. But all the more massive corals are the 
skeletons of composite animals; that is, of polyps which bud like 
plants, and thus grow to large dimensions. In some cases they form 
tree-like structures, in which you will find a multitude of polyp-cells, 
sometimes very small, each having its characteristic arrangement of 
radiating plates. But in the reef-building corals, the polyp-cells are 
packed closely together; and the older portion becomes so complete- 
ly solidified by calcareous deposit that, when broken across, it looks 
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like a stone. This is especially the case with the JJeandrina, or brain- 
stone coral, so named from the resemblance which its furrowed sur- 
face bears to the convolnted surface of the brain; hemispherical mass- 
es of this coral are not unfrequently to be seen in museums having a 
diameter of from two to three feet; and in the upraised coral-clifts 
of Bermuda they are reported to be five or six feet in diameter. The 
polyps lie in rows along the furrowed surface, and the active life of 
the composite mass does not extend far down; its stony interior being 
the product of its earlier life, as the heart-wood of a tree is the prod- 
uct of previous successions of leaf-buds. But it is no more correct to 
say that the polyps have built up the stony mass, than it would be to 
say that the leaves of a tree build up its woody stem, or that our own 
soft parts build up our bony skeleton. The hard parts are formed in 
each case by a process of growth ; solt tissue being first prodneed as 
a part of the animal body, and this being subsequently solidified by 
mineral deposit, the material for which is absorbed by the animal from 
the sea-water in which it lives, 

The admirable researches of Mr. Darwin have shown us that, 
although the reef-building corals seem unable to live and grow at 
depths greater than twenty fathoms (one hundred and twenty feet), 
yet that if their base gradually subsides, at a rate not greater than 
that of coral-growth, the reef or island will be kept up to the snrface 
by such growth; so that,’if we could bore down into it, we might 
find the coral-structure to have a depth of many hundreds or even 
thousands of feet. The recent soundings of the Challenger around 
the Bermuda islands, which are entirely composed of coral, indicate 
that they form the summit of a pillar rising from a depth of twelve 
thousand fect ; and as we have no instance of a mountain having such 
a shape, it seems probable that the upper part of this pillar, at any 
rate, must have been formed of coral, which kept growing upward, in 
the manner indicated by Mr, Darwin, while the bottom was slowly 
subsiding. It is commonly supposed by geologists that the lime- 
stone beds of which I have been speaking are the result of the meta- 
morphosis of ancient coral formations, which attained their great 
thickness by continuous growth at their living surface, as their base 
gradually subsided, But it appears to me that all we know of exist- 
ing coral formations renders it nnlikely that there should have been 
such a continuity of area in ancient coral formations, as would be re- 
quired to account for the continuity in the area of our great beds of 
carbonifercus limestone ; and that this continuity is far better acconnt- 
ed for by supposing them to have been formed in the manner I pre- 
viously indicated—by the foraminiferal life which recent researches 
have shown to be even now forming a ealcareons deposit over vast 
areas of the ocean-bottom. 

Thus, then, we should regard the beds which show distinct coral- 
structure as representing reefs or islands of limited extent in the 
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Paleozoic ocean; while the formation of those beds of vast area, in 
which few or no traces of animal life are found, may be fairly referred 
to the ageney of minute forms, essentially similar to those of the 
Old Chalk and of its existing representative (Globigerina-mud), whose 
habitation is the deep sea. 

No ineconsiderable proportion of the ealeareous material of some 
of the loeal beds seems to have been furnished by the stems and 
bodies of the Crinoids (lily-like animals), whieh abounded in the 
Paleozoic seas, and of which the representatives at the present time 
have been proved by recent deep-sea exploration to be much more 
numerous and widely diffused than was previously supposed. I re- 
member to have seen these very conspicuous in polished sections of 
the old “ black rock ;” and certain beds in the limestone of Derby- 
shire, which are worked for marble chimney-pieces, seem almost en- 
tirely composed of their remains. The stems of the Crinoids of the 
Carboniferous period were not beaded like those of the Dudley (Silu- 
riau) limestone, but were cylindrical in form; they had, however, the 
same jointed structure and central canal; and you will thus readily 
recognize them when cut either longitudinally, transversely, or ob- 
liquely. 

It has been further recently shown that Polyzoa essentially re- 
sembling those of our modern “ coralline crag” existed at this epoch, 
and had a share in the formation of certain beds of the carboniferous 
limestone. There is a particular bed in St. Vineent’s roeks, which has 
been found by Mr. Stoddart to be composed of fragments of their 
delicate calearcous fabrics, with Foraminifera, and other small forms 
of animal life; and he has appropriately named it the merozoite bed. 
And Prof. Young, of Glasgow, has been fortunate enough to find, in a 
clay-seam of the earboniferous limestone in his neighborhood, a col- 
lection of these fabrics preserved entire in the fullest perfection. 

Thus we seem justified in the conclusion that the vast strata of 
carboniferous limestone, which in England alone must cover tens of 
thousands of square miles, and has a thickness of more than two 
thousand feet, had their sole origin in the continuous lite of innumer 
able generations of humble animals, which, in times long past, did 
the work that is still being performed in the depths of our own seas 
by animals of similar types, which we may believe to be their lineal 
descendants. I have shown you how we are indebted to their agency 
for the abundant supplies they have provided of a material most 
useful—I may say indispensable—to us. Tet us take care that, with 
our larger capacities and higher aims, we strive to promote the wel- 
fare of those who come after us, by doing well, each in his station, 
that which our powers and opportunities best fit us to accomplish.— 
Author's advance-sheets. 


STRANGH MENTAL FACULTIES IN DISEASE. 177 


STRANGE MENTAL FACULTIES IN DISEASE. 
By ITEZEKEAH BUTTERWORTIL 


PPXUERE are certain mental mysteries associated with peculiar 

states of disease, and especially with low, nervous diseases, 
which discover nmexpected powers of mind, and which illustrate some 
of the conditions on which human life depends, and the Jaws that 
govern its continnanee. Among these are certain enlargements of 
the perceptive faculties, and a singular power which the mind seems 
to possess of acting independently of its organs, 

Our attention was recently called to the snbject by the mental con- 
dition of a near relative, suffering from extreme nervous debility, 
“Lani in constant fear of insanity,” she said to me one day, “and I 
wish E could be moved to some retreat for the insane. I understand 
my condition perfectly: my reason does not seem to be impaired, but 
Lean think of teco things ut the sme time. This is an indication of 
mental unsoundness, and is a terror to me. 1 do not seem to have 
slept at all for the last six weeks. If E sleep, it must be ina sue- 
cession of vivid dreams that destroy all impression of somnolence. 
Since [have been in this condition, E seem to have very vivid impres- 
sions of what happens to my children who are away from home, and 
fam often startled to learn that these impressions are correct. 1 
seem to have also a certain power of anticipating what one is about 
to say, and to read the motives of others. Ttake no pleasure in this 
strange increase of mental power; it is all umnatural; T cannot live 
in this state long, and [ often wish that T were dead.” 

The faculty of memory is one of the first to be obviously affected 
by disease, When disease for a time seems to suspend the action of 
this faculty, or visibly to diminish it, the result is not looked upon as 
phenomenal, for it is eommon and expeeted. But when disease in- 
creases the power of this faculty, a thing not uncommon, the patient 
+s not unfrequently regarded as possessing more than human wisdom, 
aud the case usually excites comment as one of great mystery. Dr. 
Steinbech mentions the case of a clergyman who, being summoned to 
administer the sacrament to an illiterate peasant, found the patient 
praying aloud in Greek and Hebrew. The case was deemed wellnigh 
miracnions. After the peasant’s death, it was fond that he was ac- 
customed in youth to hear the parish minister pray in those languages, 
and it was interred that he must have been repeating remembered 
words without understanding their meaning. Dr. Abercrombie relates 
the cirenmstances of a more remarkable case. A poor shepherd-girl 
was for a time aceustomed to sleep in a room adjoining that occupied 
by an itinerant musician. The man was an artist by education, a lover 
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of his profession, and often spent a large portion of the night in practis- 
ing diffieult compositions, The violin was his favorite instrument. 
At last the shepherd-girl fell Wil, and was removed to a charitabie insti- 
tution. Were the attendants were amazed at hearing the most ex- 
qutsite music in the night, in which were recognized finely-rendered 
passages from the best works of the old masters. The sounds were 
traced to the shepherd-gir?s room, where the patient was found play- 
ing the violin in her sleep. Awake, she knew nothing of these things, 
and exhibited no capacity for music. 

A late number of the London Afedico- Chirurgical Review, in an 
article on apoplexy, speaks of vivid dreams as a common warning in 
the first and often unrecognized stages of insanity, heart-disease, and 
phthisis, and one that it would be well to better widerstand and heed. 
Vivid dreaming, which in some cases seems to be a mental ilumina- 
tion, and in others a prophecy of impending ill, precedes many dis- 
eases long before the victim is aware of his condition. These dreams 
sometimes take the forms of waking fancies, double consciousness, 
and what ts called mystic memory. In February, 1828, when Sir 
Walter Scott was breaking himself down by severe and protracted 
literary labor, and was suffering the first invasion of ill health which 
ultimately ended in death, he wrote in his diary on the 17th, that, on 
the preceding day, at dinner, although in company with two or three 
old friends, he was strongly haunted by a “sense of preéxistence,” a 
confused idea that nothing that passed was said for the first time; 
that the same topics had been discussed, and that the same persons 
had expressed the same opinions before. “ There was,” he writes, “a 
vile sense of a want of reality in all that I did or said.’ Goethe re- 
lates that, as he was once in’an uneasy and unhealthy state of mind, 
riding along a foot-path toward Drnsenheim, he saw himself on horse- 
back coming toward himself; and similar stories are told of other 
highly-imaginative persons whose mental lalanece has been disturbed 
by over-anxiety or incipient illness. 

The states of physical prostration known as cone somamolentune 
and coma vigil exhibit, in their largest extent, the poetic capacities 
of the mind, The impressions, dreams, and illusions, in these condi- 
tions, are such as no healthy mind conld possibly conceive, The pa- 
tient seems to live in a charmed world, amid spectral beings and airy 
people, changing lights, luminous heights, and appalling shadows ; in 
short, no glowing epic or work of the painter’s art seems so much as 
to touch npon such richness of imagery. Mrs. Hemans on her death- 
ved said that no pen could describe or imagination conceive the 
visions that passed before her mind, and made her waking hours more 
delightful than those spent in repose. 

Rev. William Tennent, of Freehold, New Jersey, was an overworked 
student, and was supposed to be far gone in consumption. In a pro- 
tracted illness he apparently dicd, and the preparations were made 
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for his funeral, Not only were his friends deeeived in his case, which 
was one of coma, but he himself was doubly illusioned, for he both 
thought that he was dead and that Its spirit had entered paradise. 
His soul, as he thought, was borne aloft, to celestial altitudes, and 
was enraptured with visions of the Deity and angelic hosts. Ife 
seemed to dwell in an enchunted region of limitless light and ineon- 
ceivable splendor. At last an angel came to him and told hin that 
he-mnst go back. Darkness, like an overawing shadow, shut out 
the celestial glories, and, full of sudden horror, he uttered a deep 
groan, This dismal utterance was heard by those aronnd him, and 
prevented him from being buried alive, after all the preparations had 
been made for the removal of the body. 

In certain forms of physical prostration, the mind seems to the 
patient to be capable of unusual freedom; to be in and out of the 
body at the same time, to be able to make impressions at a distance, 
and to have a knowledge of itself and of events transpiring around 
it quite beyond the usual range of the faculties, In analyzing these 
seeming powers, it is impossible to separate the imaginary from 
what may be real, and to determine the exact limit of mental action. 
Plutarch relates that a certain profligate and profane man, named 
Thespesius, fell from a great height and was taken up apparently 
dead. Ie remained in a state of seeming insensibility for three days, 
but on the day appointed for the funeral unexpectedly revived, and 
from this time a remarkable change was observed in his moral con- 
duct and character. On inquiry being made as to the cause of the 
sudden reformation, he said that, in his state of apparent insensi- 
bility, he had been made so clearly to see the relation of mind to 
matter as to be convinced of the future existence of the soul. After 
his injury he had supposed himself to be dead, and his spirit to be 
separated from the body. He had seemed to float in an abysm of 
light, and to be surrounded by spirits transcendeutly bright and glo- 
rious, One of the latter at last announced to him that he must return 
to the flesh again, when he suddenly seemed to reappear on earth, as 
a being from another world. In 1733, Johann Sehwerzeger, after a 
long illness, fell into a comatose state, from which he recovered. Ife 
said that he had seen as ina vision his whole life pass before him, even 
events which, before his sickness, he seemed to have quite forgotten. 
He further stated that he thought he was about to enter a state of 
rest and happiness, when he was reealled to the world; that he was 
sorry to have come back, but that he should remain here but two days. 
His death fulfilled the prediction. 

But perhaps the most remarkable of all phenomena of this nature 
is a certain power a few patients have secmed to possess of * with- 
drawing from sensation,” of becoming at will insensible to pain, and 
of producing a resemblance of death. Colone! Townsend, an KEneglish- 
man, who died at the end of the last century, had in his last sickness the 
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extraordinary power of apparently dying and returning to life again. 
“Tfound his pulse sink gradually,” wrote Dr. Cheyne, his medieal at- 
tendant, “so that J could not feel it by the most exact or nice touch. 
Dr. Raymond could not detect tie Teast motion of the heart, nor Dr. 
Skrine the least soil of the breath upon the bright mirror held to his 
mouth, We began to fear that he was actually dead. Ile then began 
to breathe softly.” The colonel tried this experiment a number of times 
daring his illness, and was able to render himself insensible at will. 

Dr, Brown-Séquard, in a course of lectures before the Boston- 
Lowell Institute, last winter, illustrated many like remarkable powers 
of mind in mental and physical disease, by cases which had come 
under his own observation, From such cases it would seem that the 
mind is largely dependent on physical conditions for the exercise of 
its facnities, and that its strength and most remarkable powers, as 
well as its apparent weakness, are often most clearly shown and ree- 
ognized by some inequality of action in periods of disturbed and 
greatly-impaired health. 


———-- eee 


PROGRESSION AND RETROGRESSION. 
By Pror. W. D, GUNNING. 


\ E walk along » rocky beach when the tide is ont. Twice every 

twenty-fonr hours this narrow zone is sea and twice it is Jand. 
[is tenants are, as itself) a sort of dividing zone between land and 
sea. The Algw in the tide-pools will remind you of Confervee in the 
ponds. The littorinw on the rocks will remind you of snails. The 
shapeless, gelatinous clumps adhering to rocks or wharf-posts will re- 
mind you of garden slugs, or naked snails, We will give our atten- 
tion first to these soft and shapeless clamps. 

They will call up ne image in the mind until the sea returns, or 
until you detach one of them, and drop it into a glass of sea-water. 
You have a Dendronotus, or a Doris, or an Eolis, or an Aplysia. 

Ont of the shapeless clamp comes a form like that of the slug; 
Dut the slug in our captive is soon disguised, for along its back, from 
end to end, rises a fringe of pinkish papille. We have an Eolis. 
What does Eolis do with these papilke? The last generation of 
naturalists said, “ He breathes with them.” 

The last generation was toosparing of the knife. We cnt through 
Eolis’s back till we reach the stomach, which we find to be a mere ex- 
pansion of the intestinal tube. This tube extends lengthwise through 
the body and lies near the dorsa/, not the ventral side. Tt branches, 
and the branches branch again, and run up into the papille which 
stand ont like quills on an angry poreupine. Tie papille are supple- 
mentary stomachs. 
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Eolis has no liver. With so much stomach it can earry on the 
process of digestion without the aid of that organ, so troublesome to 
man and beast. A row of hepatic cells extending purt way along the 
intestine represents the rmmdiment of a liver, or its vestige. 

Where are the lings?) Nowhere—or, rather, everywhere. No 
part is specialized aud set apart for aérating the blood. In the vital 
economy oft this sea-slng, there is but little division of labor. The 
surface is soit tissne, covered with vibrating cilia, and currents of wa- 
ter, set In motion by the cilia, flow around the tissue and yield oxygen 
to its blood. 

Perhaps the gelatmous knob you detached was not an Kolis. Tf 
your knife reaches a stomach which is uot arborescent, you may have 
a Doris. The dorsal papilke of Doris are genuine lungs, but they 
breathe for only part of the body. They aérate only the blood which 
goes to the liver, an organ which appears now, not as a row of bile- 
cells, but as a well-defined gland. The foot shares the labor of the 
lungs, they breathing for the liver, it for the rest of the body, 


Fic, 1.—Dorts LActna. 


fn Eolis the quill-like divertienla of the stomach are placed in rows ; 
in Doris the leaf-ltke, moss-like, or flower-like branchiw are gathered 
into clusters (Fig. 1). Our first woodeut represents a Doris (Doris 
dacina), with two horn-like antenne on the head ; and on the back, at 
the other extremity, a tuft of crimsou leaves finely reticulated and 
deeply lobed. The second cut represents a Doris (Doris plumaudata), 
with frond-like antenne and a lung resembling tufts of delieate sea- 
weed wrought into an eight-rayed star. Another Doris wears its ling 
like a brilliant flower, another like a begemmed tiara. Doris can 
draw his lungs into his body or throw them out at pleasure (Fig. 2). 

Deadronotus nay be known, as its name implies, py its branching, 
tree-like gills. If we leave the roeks and wharf-posts, and examine the 
laminaria (our-weed), or ulva (sea-lettuce), we may find another mem- 
ber of this family. Aplysia is known to fishermen under the name 
of “sea-hare.” A hump on its back calls up the image of a camel 
rather than that of a hare. If you make a dissection you will find 
that an idea has been borrowed from the eumel’s stomach as well as 
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hump. Aplysia has a vow of stomachs, and, what is strange, the teeth 
are not inserted in the mouth, but in one of the stomachs. In Aplysia, 
the liver is better defined than in Doris, and the leaf-like gills aérate 
llood for the whole body. 

The classification of these naked mollusks will be as obvicns now 
to the reader as to the observer. 

In Eolis no liver, but a few bile-cells representing its rudiment, or 
vestige; no hing, every part of the surface respiring for itself; no 
well-differentiated stomach, but an arborescent intestinal tube. 


Fig. 2.—DorIs PLUMULATA. 


In Doris (sea-lemon), a liver; respiratory organs in the guise of 
crown, or star, or leaf, or tnfts of sea-weed, organs which serve the 
liver only ; a stomach. 

In Aplysia (sea-hare), a better liver, respiratory organs in the form 
of leaves, organs which serve the whole body ; many stomachs, 

Eolis stands lowest, Aplysia highest. The series is suggestive of 
the history of organs, if not of species. It invites special attention to 
the lung. 

In all marine animals except Cetacea, either the entire onter snr- 
face absorbs oxygen and exhales carbonic acid, or part of this surface 
has been differentiated for the function of respiration. In all mammals, 
and birds, and mature reptiles, part of an der tissue has been differ- 
entiated and set apart for the function of.respiration. External re- 
spiratory organs rise from the skin. Internal respiratory organs rise 
from the skin of the throat. Internal respiratory organs exist in the 
fish as a rudiment. External respiratory organs appear in embryotic 
mammals as vestiges. : 

The inner lung begins as a Httle hollow bud on the throat. This 
bnd pushes out another and another, and so on till by continuous bud- 
ding it becomes a tree-like growth, interlaced with blood-vessels. 
Let such a bud start from the onter surface, on the back. It will be- 
come, according to the mode of secondary budding, a little tree, or 
leaf, or flower of blood-vessels and yaseular tissne—such a lung as 
adorns the back of Doris, 
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The history of the iimer lung is indicated by fishes and amphibians, 
The history of the outer ling is indicated in these naked mollusks. 

Eolis, which shows us the beginning of a liver, or perhaps the 
last stage of its reduction, seems to be prehistoric as to the gill. 
One part of the surfree absorbs oxygen as well as another. It we 
leave the beach and the Eolids for mid-ocean and the Pteropods, we 
shall find the first shadowing forth of a gill. In the Pteropod one 
part of the skin is a little more vasenlar than the rest, and on this part 
the blood is more freely oxidized. Now “respiratory activity,” as 
Spencer has shown, “aids in the development of respiratory append- 
ages,” A darger and larger surface is exposed to the water, and this 
larger surface, developed partly by Natural Selection, and partly by 
respiratory activity itself, is attained in multitndinons branchings of 
the mimie tree, and deep sinuosities of the mimic leaf. 

But in Doris, which represents a great adyanee in gill development 
over a Pteropod, the gill is still imperfect, and as a respiratory organ 
it is supplemented by the creeping disk, In Aplysia the gill is car- 
ried up to perfection and aérates all the blood, 

In the evolution of an organ we have hints as to the evolution of a 
species, 

No interest can attach to such low forms of life as the Kolids mn- 
less they teach something of the methods of Nature im originating 
species. Readers of THe PortLar Science Monruiy will uot give 
their attention to mere description or aneedote. Facts they know do 
not pass into seienee until fertilized by ideas. We shall return to 
Eolis and its family throngh a study of forms which the cye, not 
aided by the knife, would report as tar removed from them, 

AA mollusk is a soft, fleshy, sae-like body, with a mantle (pallinm) 
extending from the back in two folds, right and left, around the sides. 
In the Bryozoan (moss-animal), whose reticulated coral incrusts many 
shells and sea-weeds, the mollusean type reaches down almost to the 
polyp. The Bryozoan has a cylindrical body with a tentacnlar crown, 
Strueturally it is a mollusk, morphologically a polyp. It would seein 
to he a ease in the organie world analogous to that in the inorganic, 
in which a small portion of a mineral, in crystallizing, forees a large 
portion of a foreign minera] into its own erystalline form and masks 
the strneture under the shape. 

The mantle performs important funetions, and it will guide us 
along a series of transformations. Suppose that the two folds cohere 
along their edges. The mantle would then become a kind of sae, in- 
closing the body, If we eall it a ¢uaée, we might say that the animal 
is wrapped in its tunie, and this cohering of the tnnic-folds would 
bring us to the order of Traicuta, 

If we put the dredge down fathoms deep into the sea, it may bring 
from the bottom a Clavelina, most beautiful of Tunicates, In shape it 
is a piteher without handle, an inch high, tapering down to 2 slender 


184 THE POPULAR SCIENCE MONTHLY. 


base, which springs from a creeping gelatinous threud. The mantle 
is transparent as erystal, ana through it you may see, as if suspended 
in the cavity of the body, what seems the frilled edge of a ribbon of 
show-white lace. This is Clavelina’s lung. A little sac, seen through 
the transparent mantle and body walls, contracting and expanding 
with a slow and measured beat, is Clavelina’s heart. 

Another eloaked mollusk is Cynthia. It adheres to rocks or peb- 
bles under a few fathoms of ocean, and has something of the form and 
color of u blood-peach. It is known to watermen under the name of 
“sea-peich.” Its mautle is tongh and leathery.’ 

Another and a more interesting member of the cloaked family is 
the Salpa. In the structure of the heart it marks an advance on Clave- 
lina. Instead of a single pulsating sac, we find an auricle and a ven- 
triele, veins and arteries. But, Nature having advanced from a single 
to a double heart, it would seem that she did not yet know how to use 
the improvement. In the Salpa we tind the heart incessantly chang- 
ing its auricle into « ventricle, its ventricle mto an auricle, veins inte 
arteries, arteries into veins. 

The Salpie swim freely im the open sea and oceur singly, or united 
in lone ehains or rings, They are phosphoreseent, and a chain of 
united Salpe appears like a writhing, fiery serpent gliding over the 
waves. The Pyrosomes, which are free Salpe, congregate in vast 
shoals, and in their phosphorescence glare like pillars of fire, green, 
unearthly, eltish. 

Let the edges of the mantle unite along part of their surface, but 
remain open at the ends. The animal now will not be completely tu- 
nieated, It will be inclosed in a kind of funnel. [f, now, such a man- 
tle be drawn out into a siphon to conduct a current of water to the 
gills, it wonld be of use to the animal in aiding respiration. The 
edges of the mantle having united in this way, a siphon-bearing mol- 
Insk, like the coekle or solen, would be simply a question of time, 
Natural Seleetion would bring it about. 

Let the edges of the mantle not unite at all, we shall have a mol- 
lusk something like the oyster. 

Remove the shell, and an oyster lies before you in irregular, rag- 
ged outline. «An opening at the sharper end, which lies near the beak 
of the shell, is the mouth. Around the mouth are four leaf-like bodies, 
whieh hang in pairs. The heart is an advance on that of Salpa, mot 
in structure but in behavior. It has settled down mto regular work, 
the auricle always an auricle, aud the ventricle always a ventricle. 
The liver is a decided advanee on that of Kolis, although not yet a 
well-defined gland, The mantle is a fringed, veil-like membrane, 


‘It is known that the mantle of many tunicate mollusks is xou-azotized matter, Azote 
is another name for nitrogen, and in various proportions it is found in animal tissues. 
This is a distinguishing feature between animal (azotized) and vegetal (non-azotized), 
matter. Chemically the plant meets the animal on the back of a tunicate mollusk. 
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Whose folds are not united along their edges, Near the mouth, ou the 
ventral side, isa portion of the surfree a little tougher than the rest. 
This toughened surface on the oyster we shall find as siguiticant as 
we fonnd the softened vascular patch on the surfaee of the Pteropod. 

The leaflike bodies which surronnd the mouth appear as. silent 
members, In some form or other they are present in all mollusks, 
and in the order of Cephalopods they reach the maximum of develop- 
ment, and appear as long, flexible limbs. In this order—represented 
by the Octopus—the molluscan type reaches the highest expression, 
Karly in the history of life, the type had unfolded and found expres- 
sion in Cephalopods of great bulk and of many species. The Cepha- 
Jopods have long been a waning dynasty (Fig. 3). 


Fic. 3.—Octropus FULYUS. 


in other 
guise in oyster’s distant relatives, so we will find that toughened por- 
tion, so faintly pronounced in the oyster, expressed with greater dis- 
tine(ness in oysters’ 


As we have met the palpi—radimental in the oyster 


nearer relatives. In the mussel this toughened 
surface supports a bundle of fibres, which protrudes from the shell 
and adheres to a rock or wharf-post. In the cockle we find this same 
portion prolonged into a finger-like ergan, which performs the oflice 
of locomotion. It is ealled a foot. In the teredo this “foot” has 
reached the maximum of development, as the palpi in Octopus. But 
for the rudimental palpi, we might look on the oyster as a degraded 
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cockle or mussel. But for the toughened surface representing the 
coekle’s foot, we might regard the oyster as a lapsed form of sone 
ancient Cephalopod. 

The mantle seeretes the shell, and in all bivalves it Hes through its 
whole extent against the shell. Now, in all mollusks, the axis of the 
body is at first straight, and the body is bisymmetrical. If growth 
were arrested at an early stage, all mollusks would look alike, and, if 
the embryotic mantle were to secrete a shell, all these arrested growths 
would appear as miniature bivalves. They would be symmetrical. 
But cireumstanees determine shapes. The mollusk which, in maturity 
as well as infancy, lives in the open sea, will be exposed to like condi- 
tions on cither side, and will retain its bilateral syunnetry. «A mollusk 
which Hes on the sea-bottom will be exposed to unlike conditions, one 
side being buried in mud and the other bathed in water. As a shrub 
which grows against a wall loses its symmetry and becomes one-sided, 
so a young oyster, as soon as it leaves off its roving ways, and fixes 
its abode on the sea-mud, must begin to develop unsymmetrically. 
One side and one valve of the shell outgrow the other side and valve. 
In the Grypheea, an ancient species of oyster, this over-development of 
one side is earried further, and, while the right valve is small and fiat, 
the left is deep and partially rolled up. In the Gasteropods, except 
Chiton, this one-sidedness is carried still further. One side outgrows 
the other so much that the body takes a spiral form, and one valve, 
secreted by one fold of the mantle, appears as a spiral shell, while the 
other valve, seereted by the aborted fold of the mantle, appears as an 
operenlum—a little shelly disk known under the name of “eye-stone.” 
In the snail this one-sided development is earried to the highest pitch 
of asymmetry. Overgrowth of the right side forces it into a spiral, 
and the right valve twists around with the body it incloses, while the 
left valve, which, in the marine Gasteropod, we had found reduced to 
an operenlum, is here completely eliminated. 

From the cloaked clavelina to the oyster, we were led, step by 
step, along successive modifications of the mantle. From the oyster 
to the snail we have passed, step by step, along successive stages of 
one-sided over-development. The facts have shown that a bivalve mol- 
lusk could not have descended from a univalve. As all mollusks in 
early life have the axis of the body straight, and the parts symmetri- 
cally arranged on either side, we may infer that bilateral symmetry 
characterized the remote ancestors of the mollusean type. Now, 
while a mollusk is bisynmmnetrical or nearly so, if the mantle seerctes a 
shell it must be in in two parts, or, as in Chiton, in many parts. The 
snail is the last term of our series, und its snecessive stages of growth 
should indicate the path along which Nature has moved in the evolu- 
tion of the unsyinmetrical Gasteropod from a symmetrical, oyster- 
like bivalve (Fig. 4). 

Lereboullet has made out the embryology of Limnens, a fresh- 
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water snail, We need not follow him into details. It will be enough 
for our purpose to note that from a “mulberry mass ”’—the eee atter 
segmentation of the yelk—there comes a sort of hemispherical cup. 
The month of the cup changes from a circle toa long sbt, and the 
edges of the slit nnite except at one point. The embryo has now 
taken on the mollusean type. The aperture along the line of the slit 
is the opening to the sac, the mouth to the coming snail. The line 
along which the approximated sides of the cup have mnited is in the 
trend of a plane whieh divides the body into right and left sides, equal 


Fic. 4.—SYMMETRY. Empryotic SNAIL: m, Mouth; ma, mantle ; c, creeping disk ; én, intestine ; 
h, heart (auricle and ventricle in line with the intestinal tube); 7, remnants of yolk-cell. 


and similar. The mantle has begun to form, and as a sort of cap it 
covers the part of the body opposite the mouth. The intestine begins 
in a little depression under the mantle and in line with the month and 
stomach, This depression is elongated, becomes a tube, and opens 
into the stomach. A few days later, traces of a heart appear as two 
pulsating, globular sacs, placed end to end (Fig. 5). 

If development were arrested at this stage, our snail would be bi- 
syminctrieal, and, if it had a shell, the shell would be in two equal 
valves, right and left. But development goes on, and now every step 
is a departure from right and Ieft symmetry. First, the intestine gets 
a twist. Other organs are quick to follow. Even the heart moves 
askance. The two chambers which, a while before, were placed end 
to end in line with the axis of the body, begin to change position. 
The receiving chamber moves obliquely to the right and downward, 
the distributing chamber to the left and upward. The right fold of 
the mantle spreads rapidly ; the left, not at all. The right side of the 
body grows rapidly; the left remains almost stationary. The right 
rulve of the shell grows rapidly, and twists over with the inelosed 
body; the left is completely aborted. Now, it is a very significant 
faet that the only parts which do not share this one-sided overgrowth 
are the head and creeping disk; and these are the parts which, not 
being covered by the mantle, do not beeome ineased in the shell. Ex- 
posed to the water or the air equally on both sides, they retain their 
bilateral symmetry. 
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From a sac-like body, moving frecly through the water, and thus 
exposed equally on both sides to the same environment, and therefore 
hisymunetrical, we may suppose that all mollusks have been derived. 
If such a freesnoving body beeame fixed, unless as a stemmed Ascid- 
lan, its parts would be differently conditioned as to environment, 
and the side more favored would outgrow the other. As the first pari 
of the snail’s body to bend ont of line with the axis is the intestinal 
canal, we infer that this bend oceurred far back in the snail’s ancestry. 
It occurs in the oyster. As the last organ to share the general twist 
resulting from unequal growth of the sides is the heart, we infer that 
displacement of this organ oecurred later down in the history of the 
type. It does not occur in the oyster. 


Fig. 5. ASYMMETRY. ADULT SNAIL: op, optic tentacle; oe, esophagus; cv, cephalic ganglion ; 
g. gizzard; s, stomach : 7, liver: 7. intestine (bent out of line with the axis of the body); 2, 
heart (auricle and ventricle not in line with axis or intestinal tube); v, vent. 


The first step toward a spiral-shelled gasteropod was taken in the 
first mollusk whose environment on one side was mud or reck, and on 
the other water. Difference of environment was the first factor in this 
series of evolutions. Only this would induce one-sideduess, and act- 
ing through long periods it might induce excessive one-sidedness. Tt 
might carry an oyster as far along in asymmetrical growth as the 
partially rolled-up oyster called Gryphiea. When asymmetry came to 
be of advantage to the animal, Natural Selection began and carried 
it to greater excess, with the aid of other factors—for Nature is too 
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rich to be limited to one or two eflicient eanses—earried it to the order 
of Gasteropods, 

In thix order we find Kolis, and Doris, aud Aplysia. From them 
our studies have ranged over kindred, uear ind remote, From their 
kindred we return, prepared by what we have found to interpret them, 
In form, these animals do not depart from bilateral symmetry, as from 
stheir habits they should not. Each side is exposed in the same way 
to the same environing clement. But the alimentary canalis bent out 
of line with the axis of the body. The reproductive system is. still 
more askance. It is altogether one-sided. Very suggestive facts. 
We tind one-sided growth without the conditions which indnee it. 
These conditions must have pertained to an ancestor. The bend in the 
alimentary canal and the displacement of the reproductive organs 
have been inherited from an ancestor so conditioned in the envirou- 
ment as to produce overgrowth of one side, But the alimentary canzl 
iloes not bend out of line so mueh as in the shell-bearing Gasteropods ; 
and in Eolis—in whieh the last vestige of a shell has disappeared— 
the canal has become straight. Another suggestive tact. We tind in 
these naked mollusks heredity and abbreviated heredity.’ Aplysia 
and Doris inherit the ancestral twist. In Kolis the heritage is eut off. 

From symmetry to usymmetry, froma bivalve toa univalve, Na- 
ture has moved, closing a cyele of evolution in the snail; from asym- 
metry back to symmetry, from a shell-bearer to 2 non-shell-bearer, 
has 


she is moving in the seaslugs. In this retrogression, Aplys 
shared the least. Tt retaius the largest shell-vestige ; it has the most 
perfect liver; its gills cover the mantle. Eolis has been carried back 
the farthest. In this retroeressive movement we may find the refonale 
of Aplysia’s many stomachs, aud Eolis’s branching stemaeh and he- 
patie cells. In the snail, perhaps in all Gasteropods, the alimentary 


To account for the facts of heredity, Darwin has formulated a theory called Pan- 
genesis, To aveonnt for the frets of heredity and abbreviated heredity Dr. Elsberg has 
proposed a theory which he calls ‘the Conservation of the Organic Molecule.” The 
hiologist must be allowed as mueh “ scientifie use of the imagination” us the physicist. 
If the one must hare his atoms and molecules, the other must have his physio- 
logieal units, bis plastic molecules, his © plastideles.” Let us imagine the first pair of 
any raee, say the human ace. A child of the Adam and Eve would be derived wholly 
from its parents, and, if the plastidules which passed into the embryo were derived 
equally from each parent, one-half of the Adam would be represented in the child. Now, 
if some of these organie molecules were to remain latent in the body of the offspring, and 
pass unchanged into the offspring of the next generation, a smaller portion of the Adain 
would be repeated in the grandchild. We are to suppose that each plastidule carries so 
nnch of the parent, potentially, into the child. At each successive generation less and 
less of the Adamie plastidules would appear, and less and less of the Adam, We should 
have a fractional series with unity for numerator, and an ever-inereasing noniber for 
denominator. At Jast we should reach a term whose denominator would be infinitely 
large. It would express the complete elimination of the Adamie plastidules. Now, so 
long as any plastidules of an ancestor of any degree of remoteness remain, so long will 
the man or the aniinal inherit something from that ancestor ; so long will atuvism occur. 
When all plastidules of such aneestor are eut off, we have abbreviated heredity. 
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canal develops ésedafedy, a section here and another there. Now, a 
stomach is simply an expanded portion ef the canal. Let the tract 
of the canal be laid in isolated openings, let these openings be elon- 
gated, each, into a tube, and let the original openings be marked as 
pouches along this continuons tube, aid we have Aplysia’s row of 
stomachs, Jt is after the pattem of the digestive tube of an embry- 
otic Gasteropod, 

In Eolis the branching alimentary canal lics along the dorsal side, 
not the ventral. In getting itself straight, it seems to have got itself 
as near the dorsal papille as possible, Now, these papilla, for a long 
time mistaken for Inngs, for a Jong time, perhaps, were lungs. We 
have found that in Doris the gills are connected only with the diges- 
tive system, and we may suppose that in some ancestral form of Eolis 
papiliform gills were connected with this system in the same way, 
that is, through the liver. Only a slight departure from the nermal 
development would transfer the connection of a gill-bud from one part 
of the digestive system to another, froni the liver to the stomach. If, 
then, it would be tor the advantage of the animal to have more stom- 
ach, we ean see how, by Natural Selection, all the gill-buds or papille 
would, in the end, cease to respire for the liver and become diverticula 
of the stomach. What would become of the liver? Losing its lung, 
it would suffer degradation. It would abort, lapse into a few hepatic 
cells, and become a mere vestige. 

The naked Tunicates are intelligible as initial terms of a molluscan 
series, The naked Gasteropods are intelligible as final terms of a de- 
scending series, as impoverished heirs of an ancient house, 

We have chosen for our study these slugs of the sea to develop a 
phase of evolution not generally understuod. Evolution does not 
mmply an unbroken course of progression. Tt does not imply a ten- 
dency in every thing to become something else and better. It is de- 
termined by many factors, immer and outer, and, as Spencer has shown, 
“the codperation of inner and onter factors works changes until an 
equilibrium is reached between the organism and its environment.” 

On the deep-sea bottom the environing actions remain constant 
age after age, and we find that im the abyssal world a number of spe- 
cies have remained constant since the Cretaceous epoch. On the sur- 
face of the sea and on the beach, the conditions of life have not been 
constant, and surface and littoral species have been more subject 
to change. The air is more fickle than the sea. Tt is now warm 
and now cold; now moist and now dry; now in imotion and now 
at rest: and the aérial fuuna must oppose to these outer factors a 
corresponding adjustment of inuer factors. The fauna of this ele- 
ment we should find the most unstable, and so we do. The only 
inseet known to have come down to our times from times so remote 
as the Cretaceous, unchanged or changed but little, is the tiger- 
beetle of our sea and lake shores, and the uplands of Colorado, More- 
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over, am insect at rest is not conditioned as an inseet in the air, Let 
it forsake little by little its aérial life, and rest longer and lounger on 
other bodies, In time it becomes a parasite. The structnre it had 
acquired while in the air becomes useless. The environment being 
more stable, the opposing actions within are reduced, and the organ- 
ism lapses into a simpler form. In the insect world we should tind 
the largest number of retrograded species, and so we do. Fleas, 
bugs, the dream of which sends a shudder throngh our sleep, ereep- 
ers in the hair, burrowers in the flesh, form a descending. series, each 
order carrying with it, in the form of vestiges, reminiscences of a 
higher state when, as winged insects, its aneestors lived in the 
open air. 

Retrogression of this kind has affected higher orders. An am- 
phibions mammal, taking less to the land and more to the witer, 
would lapse in time into a simpler form. The studies ef Prot. Wilder 
on the embryotic dugong seem to show that dugongs and manatees 
have descended by retrogression from some ancient hippopotamoid 
mammal. 

Retrogression, whose rationale is not found in our studies on the 
Eolids, has affeeted still higher orders. If the elephants of onr day 
are descendants of the mastodons and mammoths which, in Pleisto- 
cene days, possessed North America and Europe, as the investiga- 
tions of Gandry wellnigh demonstrate; if the living tigers and lions 
have deseended from species whose remains abound in ancient caves, 
as is probable; if the “ grizzly” of the Rocky Mountains is a moditied 
form of the great cave-bear, onee so common in Enrope, as naturalists 
believe; if the anthropoid apes of Africa and tropical Asia are sur- 
vivals from a raee which spread beyond the tropics and ranked some- 
what nearer to man, as the Mesopithecus of Greece and Dryopithecus 
of France testify out of Miocene strata, the proboscidians, carnivores, 
and primates have all suffered retrogression, and, at the advent of 
man, life having reached its zemth, aadnal life began a downward 
eurve, If, in the main, the higher has followed the lower, within 
this eyele of progression the struggle for hfe would involve another 
cycle of retrogression. As the savage in presence of civilization 
often sinks to lower savagery, so a speeies, outstripped in the race of 
lite, and left hopelessly behind, degenerates, and finally dies, 

And as the two cycles, progression and retrogression, are involved 
in the life-history of the earth, so the two movements may go on simul- 
taneously in the same species. Man himself is such a species, His 
brain, and its servant, the hand, have attained the utmost develop- 
ment. His digestive system and his foot have been modified but 
little from a primitive type. Progression above in that which is most 
distinctively human may involve retrogression below in that which is 
distinctively animal. 
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GEOGRAPIY AND EVOLUTION. 
by LievTenantT-GengraL R, STRACHEY, F, RS. 


“TN accordance with the practice followed tor some years past by 

the presidents of the sections of the British Association, I pro- 
pose, before proceeding with our ordinary business, to offer for your 
consideration some observations relative to the branch of knowledge 
with which this seetion is more specially concerned. 

My predecessors in this chair have, in their opening addresses, 
viewed geography in many varicus lights. Some have drawn atten- 
tion to recent geographical discoveries of interest, or to the gradnal 
progress of geographical knowledge over the earth generally, or in 
particular regions. Others have spoken of the value of geographicat 
knowledge in the ordinary affairs of men, or in some of the special 
branches of those affairs, and of the means of extending sueh knowl- 
edge. Other addresses, again, have dwelt on the practical influence 
produced by the geographieal features and conditions of the various 
parts of the earth on the past history and present state of the several 
sections of the hnman raee, the formation of kingdoms, the growth of 
industry and commerce, and the spread of civilization. 

The judicious character of that part of onr organization whieh 
leads to yearly changes among those who preside over our meetings, 
and does not attempt authoritatively to preseribe the direction of our 
discussions, will no donbt be generally recognized. It has the obvious 
ndvantage, among others, of insuring that none of the multifarious 
claims to attention of the several branches of science shall be made 
anduly prominent, and of giving opportunity for viewing the subjects 
which from time to time come before the Association in fresh aspects 
by various minds. 

Following, then, a somewhat different path from those who have 
gone before me in treating of geography, I propose te speak of the 
physieal causes which have impressed on our planet the present out- 
lines and forms of its surface, have brought about its present condi- 
tions of climate, and have led to the development and distribution of 
the living beings found upon it. 

In selecting this subject for my opening remarks, I have been not 
a little influenced by a consideration of the present state of geographi- 
val knowledge, and of the probable future of geographical investiga- 
tion. Itis plain that the field for mere topographical exploration is 
already greatly limited, and that it is continnally becoming more 
restricted, Although no doubt much remains to be done in obtain- 
ing detailed maps of large tracts of the earth’s surface, yet there is 


1 Address of the President of Section E, at the Bristol Meeting of the British As- 
sociation. 
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but comparatively a very small area with the essential features of 
which we are not now fairly well acquainted. Day by day our maps 
become more complete, and with our greatly-improved means of com- 
munication the knowledge of distant countries is constantly enlarged 
and more widely diffused. Somewhat in the same proportion the de- 
mands for more exact information become more pressing. The neces- 
sary consequence is an increased tendency to give to geographical in- 
vestigations a more strictly scientific direction. In proof of this I 
may instance the fact that the two British naval expeditions now 
being carried on, that of the Challenger and that of the arctic seas, 
have been organized almost entirely for general scientific research, 
and comparatively little for topographical discovery. Narratives of 
travels, which not many years ago might have been accepted as valu- 
able contributions to our then less perfect knowledge, would now per- 
haps be regarded as superficial and inswflicient. In short, the stand- 
ard of knowledge of travelers and writers on geography must be raised 
to meet the increased requirements of the time. 

Other influences are at work tending to the same result. The 
great advance made in all branches of natural science limits more and 
more closely the facilities for original research, and draws the ob- 
server of Nature into more and more special studies, while it renders 
the acquisition by any individual of the highest standard of knowledge 
in more than one or two special subjects comparatively difficult and 
rare. At the same time the mutual interdependence of all natural 
phenomena daily becomes more apparent ; and it is of ever-increasing 
importance that there shall be some among the cultivators of natural 
knowledge who specialiy direct their attention to the general relations 
existing among all the forces and phenomena of Nature. In some im- 
portant branches of such subjects, it is only through study of the local 
physical conditions of various parts of the carth’s surface and the com- 
plicated phenomena to which they give rise that sound conclusions 
can be established ; and this study constitutes physical or scientific 
geography. It is very necessary to bear in mind that a large portion 
of the phenomena dealt with by the sciences of observation relates to 
the earth as a whole in contradistinction to the substances of which it 
is formed, and can only be correctly appreciated in connection with 
the terrestrial or geographical conditions of the place where they 
ocew. On the one hand, therefore, while the proper prosecution of 
the study of physical geography requires a sound knowledge of the 
researches and conclusions of stndents in the special branches of sei- 
ence, on the other, success is not attainable in the special branches 
without suitable apprehension of geographical facts, For these rea- 
sons it appears to me that the general progress of science will involve 
the study of geography in a more scientific spirit, and with a clearer 
conception of its true function, which is that of obtaining accurate 
notions of the manner in which the forces of Nature have brought 
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about the varied conditions characterizing the surface of the planet 
which we inhabit. 

In its broadest sense science is organized knowledge, and its 
methods consist of the observation and classification of the phenom- 
ena of which we become conscious through our senses, and the inves- 
tigation of the causes of which these are the effects. The first step 
in geography, as in all other sciences, is the observation and descrip- 
tion of the phenomena with which it is concerned; the next is to clas- 
sify and compare this empirical collection of tacts, and to investigate 
their antecedent causes. It is in the first branch of the study that 
most progress has been made, and to it indeed the notion of geogra- 
phy is still popularly limited. The other branch is commonly spoken 
of as physical geography, but it is more correctly the science of 
geography. 

The progress of geography has thus advanced from first rough 
ideas of relative distance between neighboring places, to correct views 
of the earth’s form, precise determinations of position, and accurate 
delineations of the surface. The first impressions of the differences 
observed between distant countries were at length corrected by the 
pereeption of similarities uo less real. The characteristics of the 
great regions of polar cold and equatorial heat, of the sea and land, 
of the mountains and plains, were appreciated; and the local varia- 
tions of season and climate, of wind and rain, were more or less fully 
ascertained. Later, the distribution of plants and animals, their oc- 
currence in groups of peculiar structure in various regions, and the 
circumstances under which such groups vary from place to place, gave 
rise to fresh conceptions. Along with these facts were observed the 
peculiarities of the races of men—their physical form, languages, cus- 
toms, and history—exhibiting on the one hand striking differences in 
different countries, but on the other often connected by a strong 
stamp of similarity over large areas. 

By the gradual accumulation and classification of such knowledge 
the scientific conception of geographical unity and continuity was at 
length formed, and the conclusion established that while each differ- 
ent part of the earth’s surface has its special characteristics, all ani- 
mate and inanimate Nature constitutes one general system, and that 
the particular features of cach region are due to the operation of uni- 
versal laws acting under varying local conditions. It is upon such a 
conception that is now brought to bear the doctrine, very generally 
accepted by the naturalists of our own country, that each successive 
phase of the earth’s history, for an indefinite period of time, has been 
derived from that which preceded it, under the operation of the forces 
of Nature as we now find them ; and that, so far as observation justi- 
fies the adoption of any conclusions on such subjects, no change has 
ever taken place in those forces, or in the properties of matter. This 
doctrine is commonly spoken of as the doctrine of evolution, and 
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it is to its application to geography that I wish to direet yonr at- 
tention, 

I desire here to remark that, in what I am about to say, I altogether 
leave on one side all questions relating to the origin of matter, and of 
the so-called forces of Nature which give rise to the properties of mat- 
ter, In the present state of knowledge such subjects are, I couceive, 
beyond the legitimate field of physical science, which is limited to dis- 
enssions directly arising on facts within the reach of observation, or 
on reasonings based on such facts. It is a necessary condition of the 
progress of knowledge that the line between what properly is or is 
not within the reach of human intelligence is ill defined, and that 
opinions will vary as to where it should be drawn: for it is the 
avowed and sunecessful aim of science to keep this line constantly 
shifting by pushing it forward ; many of the efforts made to do this 
are no doubt founded in error, but all are deserving of respect that 
are undertaken honestly. 

The conception of evolution is essentially that of a passage to the 
state of things which observation shows us to exist now, from some 
preceding state of things. Apphed to geography, that is to say to 
the present condition of the earth as a whole, it leads up to the con- 
clusion that the existing outlines of sea and land have been caused 
by modifications of preéxisting oceans and continents, brought about 
by the operation of forees which are still in action, and which have 
acted from the most remote past of which we can conecive; that all 
the successive forms of the surface—the depressions oeenpied by the 
waters, and the elevations constituting mountain-chains—are due to 
these same forees; that these have been set up, first, by the secular 
loss of heat which accompanied the original cooling of the globe; and 
second, by the annual and daily gain or loss of heat received from the 
sun acting on the matter of which the earth and its atmosphere are 
composed ; that all variations of climate are dependent on differences 
in the condition of the surface; that the distribution of Hfe on the 
earth, and the vast varieties of its forms, are consequences of contem- 
poraneons or antecedent changes of the forms of the surface and cli- 
mate; and thus that our planet as we now find it is the result of 
modifications gradually brought abont in its successive stages, by the 
necessary action of the matter ont of which it has been formed, under 
the influence of the matter which is external to it, 

T shall state briefly the grounds on which these conelusions are 
based. 

So far as concerns the inorganic fabric of the earth, that view of 
its past history which is based on the principle of the persistence of 
all the forees of Nature may be said to be now universally adopted. 
This teaches that the almost infinite variety of natural phenomena 
arises from new combinations of old forms of matter, under the action 
of new combinations of old forms of foree. Its recognition has, how- 
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ever, been comparatively recent,.and is in a great measure due to the 
teachings of that eminent geologist, the late Sir Charles Lyell, whom 
we have lost during the past year. 

When we look back by the help of geological science to the more 
remote past, through the epochs immediately preceding our own, we 
find evidence of marine animals—which lived, were reproduced, and 
died—possessed of organs proving that they were under the influence 
of the heat and light of the sun; of seas whose waves rose before the 
winds, breaking down cliffs, and forming beaches of bowlders and 
pebbles; of tides aud currents spreading out banks of sand and mud, 
on which are left the impress of the ripple of the water, of drops of 
rain, and of the tracks of animals; and all these appearances are pre- 
cisely similar to those we observe at the present day as the result of 
forces which we see actually in operation. Every successive stage, 
as we recede in the past history of the earth, teaches the same lesson, 
The forces which are now at work, whether in degrading the surface 
by the action of seas, rivers, or frosts, and in transporting its frag- 
ments into the sea, or in reconstituting the land by raising beds laid 
out in the depth of the ocean, are traced by similar effects as having 
continued in action from the earliest times. 

Thus pushing back our inquiries we at last reach the point where 
the apparent cessation of terrestrial conditions such as now exist re- 
quires us to consider the relation in which our planet stands to other 
bodies in celestial space; and, vast though the gulf be that separates 
us from these, science has been able to bridge it. By means of speec- 
troscopic analysis it has been established that the constituent elements 
of the sun and other heavenly bodies are substantially the same as 
those of the earth. The examination of the meteorites which have 
fallen on the earth from the interplanetary spaces shows that they 
also contain nothing foreign to the constituents of the earth. The 
inference seems legitimate, corroborated as it is by the manifest plrys- 
ical connection between the sun and the planetary bodies circulating 
around it, that the whole solar system is formed of the same descrip- 
tions of matter, and subject to the same general physical laws. These 
conelusions further support the supposition that the earth and other 
planets have been formed by the aggregation of matter once diffused 
in space around the sun; that the first consequence of this aggrega- 
tion was to develop intense heat in the consolidating masses; that 
the heat thus generated in the terrestrial sphere was subsequently 
lost by radiation; and that the surface cooled and became a solid 
ernst, leaving a central nucleus of much higher temperature within. 
The earth’s surface appears now to have reached a temperature which 
is virtually fixed, and on which the gain of heat from the sun is, on 
the whole, just compensated by the loss by radiation into surround- 
ing space. 

Such a conception of the earliest stage of the earth’s existence is 
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commonly accepted, as in accordance with observed facts. It leads 
to the conclusion that the hollows on the surface of the globe oceu- 
pied by the ocean, and the great areas of dry land, were original 
irrecularities of form caused by unequal contraction; and that the 
mountains were corrugations, often accompanied by ruptures, caused 
by the strains developed in the external crust by the force of central 
attraction exerted during cooling, and were not due to forces directly 
acting upward generated in the interior by gases or otherwise. It 
has recently been very ably argued by Mr. Mallet that the phenomena 
of volcanic heat are likewise consequences of extreme pressures in the 
external crust, set up ina similar manner, and are not derived from 
the central heated nucleus. 

There may be some difficulty in conceiving how forces can have 
been thus developed suflicient to have produced the gigantic changes 
which have occurred in the distribution of land and water over im- 
mense areas, and in the elevation of the, bottoms of former scas so 
that they now form the summits of the highest mountains, and to 
have effected such changes within the very latest geological epoch. 
These difficulties in great measure arise from not employing correct 
standards of space and time in relation to the phenomena, Vast 
thongh the greatest heights of our mountains and depths of our seas 
may be, and enormous though the masses which have been put into 
motion, when viewed according to a human standard, they are insig- 
nificant in relation to the globe as a whole. Such heights and depths 
(about six miles) ona sphere of ten feet in diameter would-be repre- 
sented on a true scale by elevations and depressions of less than the 
tenth part of an inch, and the average elevation of the whole of the 
dry land (about one thousand feet) above the main level of the surface 
would hardly amount to the thickness of an ordinary sheet of paper. 
The forees developed by the changes of the temperature of the earth 
as a whole must be proportionate to its dimensions; and the results 
of their action on the surface in causing elevations, contortions, or dis- 
ruptions of the strata, cannot be commensurable with those produced 
by forces having the intensities, or by strains in bodies of the dimen- 
sions, with which our ordinary experience is conversant. 

The difficulty in respect to the vast extent of past time is perhaps 
less great, the conception being one with which most persons are now 
more or less familiar. But I would remind you that, great though 
the changes in human affairs have been since the most remote epochs 
of which we have records in monuments or history, there is nothing 
to indicate that within this period has occurred any appreciable modi- 
fication of the main cutlines of land and sea, or of the condition of 
climate, or of the general characters of living creatures; and that the 
distance that separates us from those days is as nothing when com- 
pared with the remoteness of past geological ages. No useful ap- 
proach has yet been made to a numerical estimate of the duration 
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even of that portion of geological time which is nearest to us; and 
we can say little more than that the carth’s past history extends over 
hundreds of thousands or millions of years. 

The solid nucleus of the earth with its atmosphere, as we now find 
them, may thus be regarded as exhibiting the residual phenoniena 
which have resulted on its attaining a condition of practical equ- 
librium, the more active process of aggregation having ceased, and 
the combination of its elements into the various solid, liquid, or gas- 
eous matters found on or near the surface having been completed. 
During its passage to its present state many wonderful changes must 
have taken place, including the condensation of the ocean, which must 
have long continued in a state of ebullition, or bordering on it, sur- 
rounded by an atmosphere densely charged with watery vapor. Apart 
from the movements in its solid crust caused by the general cooling 
and contraction of the carth, the higher temperature due to its earlier 
condition hardly enters directly into any of the considerations that 
arise in connection with its present climate, or with the changes dur- 
ing past time which are of most interest to us; for the conditions of 
climate and temperature at present, as well as in the period during 
which the existence of life is indicated by the presence of fossil re- 
mains, and which have affected the production and distribution of 
organized beings, are dependent on other causes, to a consideration 
of which I now proceed. 

The natural phenomena relating to the atmosphere are often ex- 
tremely complicated and dificult of explanation; and meteorology is 
the least advanced of the branches of physical science. But sufficient 
is known to indicate, without possible doubt, that the primary causes 
of the great series of phenomena, included under the general term 
climate, are the action and reaction of the mechanical and chemical 
forces set in operation by the sun’s heat, varied from time to time and 
from place to place, by the influence of the position of the earth in 
its orbit, of its revolution on its axis, of geographical position, cleva- 
tion above the sea-level, and condition of the surface, and by the 
great mobility of the atmosphere and the ocean. 

The intimate connection between climate and local geographical 
conditions is everywhere apparent ; nothing is more striking than the 
great differences between neighboring places where the effcetive local 
conditions are not alike, which often far surpass the contrasts attend- 
ing the widest separation possible on the globe. Three or four miles 
of vertical height produce effects almost equal to those of transfer 
from the equator to the poles. The distribution of the great seas and 
continents gives rise to periodical winds—the trades and monsoous— 
which maintain their general characteristics over wide areas, but pre- 
sent almost infinite local modifications, whether of season, direction, 
or force. The direction of the coasts and their greater or Jess conti- 
nuity greatly influence the flow of the currents of the ocean; and 
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these, with the periodical winds, tend on the one hand to equalize the 
temperature of the whole surface of the earth, and on the other to 
cause surprising variations within a limited area, Ranges of moun- 
tains, and their position in relation to the periodical or rain-bearing 
winds, are of primary importance in controlling the movements of 
the lower strata of the atmosphere, in which, owing to the laws of 
elastic gases, the great mass of the air and watery vapor are concen- 
trated, By their presence they may either constitute a barrier across 
which no rain can pass, or determine the fall of torrents of rain around 
them. heir absence or their unfavorable position, hy removing the 
causes of condensation, may lead to the neighboring tracts becoming 
rainless deserts. 

The difliculties that arise, in accounting for the phenomena of cli- 
mate on the earth as it now is, are naturally increased when the 
attempt is made to explain what is shown by geological evidence to 
have happened im past ages. The disposition has not been wanting to 
get over these last difliculties by invoking supposed changes in the 
sources of terrestrial heat, or in the conditions under which heat has 
been received by the earth, for which there is no justification in fact, 
in a manner similar to that in which violent departures from the ob- 
served course of Nature have been assumed to account for some of 
the analogous mechanical dificulties. 

Among the most perplexing of such climatal problems are those 
involved in the former extension of glacial action of various sorts 
over areas which could hardly have been subject to it under existing 
terrestrial and solar conditions; and in the discovery, conversely, of 
indications of far higher temperatures at certain places than scems 
compatible with their high latitudes; and in the alternations of such 
extreme conditions, The true solution of these questions has appar- 
ently been found in the recognition of the disturbing effects of the 
varying eccentricity of the earth’s orbit, which, though inappreciable 
in the comparatively few years to which the affairs of men are limited, 
become of great importance in the vastly increased period brought 
into consideration when dealing with the history of the earth. The 
changes of eccentricity of the orbit are not of a nature to cause ap- 
preciable differences in the mean temperature cither of the earth gen- 
erally or of the two hemispheres; but they may, when combined with 
changes of the direction of the earth’s axis cansed by the precession 
of the equinoxes and nutation, lead to exaggeration of the extremes 
of heat and cold, or to their diminution; and this would appear to 
supply the means of explaining the observed facts, though doubtless 
the detailed application of the conception will long continue to give 
rise to discussions, Mr. Croll, in his book entitled ‘ Climate and 
Timé,” has recently brought together with much research all that can 
now be said on this subject ; and the general correctness of that part 
of his conclusions which refers to the periodical occurrence of epochs 
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of greatly-increased winter cold and summer heat in one hemisphere, 
combined with a more equable climate in the other, appears to me to 
be fully established. 

These are the considerations which are held to prove that the in- 
organic structure of the globe through all its suecessive stages—the 
earth beneath our feet, with its varied surface of land and sca, moun- 
tain and plain, and with its atmosphere which distributes heat and 
moisture over that surface—has been evolved as the necessary re- 
sult of the original aggregation of matter at some extremely remote 
period, and of the subsequent modification of that matter in condi- 
tion and form under the exclusive operation of invariable physical 
forces. 

From these investigations we carry on the inquiry to the living 
creatures -found upon the earth: what are their relations one to an- 
other, and what to the inorganie world with which they are associ- 
ated ? 

This inquiry, first directed to the present time, and thence carried 
backward as far as possible into the past, proves that there is one gen- 
eral system of life, vegetable and animal, which is coextensive with 
the earth as it now is, and as it has been in all the successive stages 
of which we obtain a knowledge by geological research. The phe- 
nomena of life, as thus ascertained, are included in the organization 
of living creatures, and their distribution in time and place. The 
common bond that subsists between all vegetables and animals is tes- 
titied by the identity of the ultimate elements of which they are com- 
posed. These clements are earbon, oxygen, hydrogen, and nitrogen, 
with a few others in comparatively sinall quantities; the whole of 
the materials of all living things being found among those that com- 
pose the inorganie portion of the earth. 

The close relation existing between the least specialized animals 
and plants, and between these and organie matter not having life, 
and even with inorganic matter, is indicated by the difficulty that 
arises in determining the nature of the distinctions between them. 
Among the more highly-developed members of the two great braneb- 
es of living creatures, the well-known similarities of structure ob- 
served in the various groups indicate a counection between proximate 
forms which was long seen to be akin to that derived through descent 
from a common ancestor by ordinary generation. 

The facts of distribution show that certain forms are associated 
in certain areas, and that as we pass from one such area to another 
the forms of life change also. The general assemblages of living 
creatures in neighboring countries easily accessible to one another, 
and having similar climates, resemble one another; and much in the 
same way, as the distance between areas increases, or their mutual 
accessibility diminishes, or the conditions of climate differ, the like- 
ness of the forms within them becomes continually less apparent. 
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The plants and animals existing at any time in any locality tend con- 
stantly to diffuse themselves around that local centre, this tendency 
being controlled by the conditions of climate, etc., of the surrounding 
area, so that under certain unfavorable conditions diffusion ceases, 

The possibilities of life are further seen to be everywhere directly 
influenced by all external conditions, such as those of climate, inelud- 
ing temperature, humidity, and wind; of the length of the seasons 
and days and nights; of the charaeter of the surface, whether it be 
land or water; and whether it be covered by vegetation or otherwise ; 
of the nature of the soil; of the presence of other living creatures, 
and many more. The abundance of forms of life in different areas 
(as distinguished from number of individuals) is also found to vary 
greatly, and to be related to the accessibility of such areas to immi- 
gration from without; to the existence, within or near the areas, of 
localities offering considerable variations of the conditions that chiefly 
affect life ; and to the local climate and conditions being compatible 
with such immigration, 

For the explanation of these and other phenomena of organization 
and distribution, the only direct evidence that observation can supply 
is that derived from the mode of propagation of creatures now liv- 
ing; and no other mode is known than that which takes place by 
ordinary generation, through descent from parent to offspring. 

It was left for the genius of Darwin to point out how the course 
of Nature, as it now acts in the reproduction of living creatures, is 
sufficient for the interpretation of what had previously been incom- 
prehenstble in these matters. Ie showed how propagation by descent 
operates subject to the occurrence of certain small variations in the 
offspring, and that the preservation of some of these varieties to the 
exclusion of others follows as a necessary consequence when the exter- 
nal conditions are more suitable to the preserved forms than to those 
lost. The operation of these causes he ealled Natural Sclection. Pro- 
longed over a great extent of time, it supplies the long-sought key to 
the complex system of forms either now living on the earth, or the 
remains of which are found in the fossil state, and explains the rela- 
tions among them, and the manner in which their distribution has 
taken place in time and space. 

Thus we are brought to the conclusion that the directing forces 
which have been efficient in developing the existing forms of life from 
those which went before them are those same successive external con- 
ditions ineluding both the forms of land and sea, and the character 
of the climate, which have already been shown to arise from the 
gradual modification of the material fabric of the globe as it slowly 
attained to its present state. In each succeeding epoch, and in each 
separate loeality, the forms preserved and handed on to the future 
were determined by the general conditions of surface at the time and 
place; and the aggregate of successive sets of conditions over the 


202 THE POPULAR SCIENCE MONTHLY. 


whole carth’s surface has determined the entire series of forms which 
have existed in the past, and have survived till now, 

As we recede from the present into the past, it necessarily follows, 
as a consequence of the ultimate failure of all evidence as to the con- 
ditions of the past, that positive testimony of the conformity of the 
facts with the principle of evolution gradually diminishes, and at 
length ceases, In the same way positive evidence of the continuity 
of action of all the physical forces of Nature eventually fails. But 
inasmuch as the evidenee, so far as it can be procured, supports the 
belief in this continuity of action, and as we have no experience of 
the eontrary being possible, the only justifiable conclusion is, that 
the production of life must have been going on as we now know it, 
without any intermission, from the time of its first appearance on the 
earth, 

These considerations manifestly afford no sort of clew to the origin 
of life. They only serve to take us back to a very remote epoch, 
when the living creatures differed greatly in detail from those of the 
present time, but had such resemblances to them as to justify the con- 
clusion that the essence of life then was the same as now; and through 
that epoch into an unknown anterior period, during which the posst- 
bility of life, as we understand it, began, and from which has emerged, 
in a way that we cannot comprehend, matter with its properties, 
bonnd together by what we eall the elementary physical forces, 
There seems to be no foundation in any observed fact for suggesting 
that the wonderful property which we call life appertains to the eom- 
binations of elementary substances in association with which it is 
exclusively found, otherwise than as all other properties appertain to 
the particular forms or combinations of matter with which they are 
associated. Jt is no more possible to say how originated or operates 
the tendency of some sorts of matter to take the form of vapors, or 
fluids, or solid bodies, in all their various shapes, or for the various 
sorts of matter to attract one another or combine, than it is to explain 
the origin in certain forms of matter of the property we call life, or 
the mode of its action. For the present, at least, we must be content 
to accept such facts as the foandation of positive knowledge, and from 
them to rise to the apprehension of the means by which Nature has 
reached its present state, and is advancing into an unknown future. 

These conceptions of the rclations of animal and vegetable forms 
to the earth in its suecessive stages lead to views of the signifieance 
of type (i. e., the general system of structure running through various 
groups of organized beings) very different from those under which it 
was held to be an indication of some oeeult power directing the sne- 
cessive appearance of living creatures on the earth. In the light of 
evolution, type is nothing more than the direetion given to the actual 
development of life by the forees that controled the conrse of the 
suecessive generations leading from the past to the present. There 
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is no indieation of any adherent or prearranged disposition toward 
the development of life in any particular direction. It would rather 
appear that the actual face of Nature is the result of a succession of 
apparently trivial incidents, whieh hy some very slight alteration of 
local circumstances might often, it would seem, have been turned in 
a different direction. Some ate ise unimportant difference in the 
constitution or sequence of the substrata at any locality might have 
determined the elevation of mountains where a hollow filled by the 
sea was actually formed, and thereby the whole of the elimatal and 
other conditions of a large area yrould have been changed, and an 
entirely different impulse given to the development of ‘life locally, 
which might have iipressed a new charaeter on the whole face of 
Nature. 

3ut further, all that we see or know to have existed upon the earth 
has been controlled to its most minute details by the original consti- 
tution of the matter which was drawn together to form our planet. 
The actnal character of all inorganie substances, as of all living creat- 
ures, is only consistent with the actual constitution and proportions 
of the various substances of which the earth is composed. Other pro- 
portions than the actual ones in the constituents of the atmosphere 
would have required an entirely different organization in all air- 
breathing animals, and probably in all plants. With any consider- 
able difference in the quantity of water cither in the sea or distributed 
as yapor, vast changes in the constitution of living creatures must 
have been involved. Without oxygen, hydrogen, nitrogen, or car- 
bon, what we term life would have been impossible. But such speen- 
lations need not be extended. 

The substances of which the earth is now composed are identical 
with those of whieh it has always been made up; so far as is known 
it has lost nothing and has gained nothing, exeept what has been 
added in extremely minute quantities by the fall of meteorites. All 
that is orever has been upon the earth is part of the earth, has sprung 
from the earth, is sustained by the earth, and returns to the earth; 
taking back thither what it withdrew, making good the materials on 
which life depends, without which it would cease, and which are des- 
tined again to enter into new forms, and contribute to the ever-onward 
flow of the great current of existence. 

The progress of knowledge has removed all doubt as to the rela- 
tion in which the human race stands to this great stream of life. It is 
now established that man existed on the earth at a period vastly an- 
terior to any of which we have records in history or otherwise. Tle 
was the contemporary of many extinct mammalia at a time when the 
outlines of land and sea, and the conditions of climate over large 
parts of the earth, were wholly different from what they now are, and 
our race has been advancing toward its present condition during a 
series of ages for the extent of which ordinary conceptions of time 
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afford no snitable measure. These facts have, in recent years, given a 
different direction to opinion as to the manner in which the great 
groups of mankind have become distributed over the areas where they 
are now found; and difficulties once considered insuperable become 
soluble when regarded in connection with those great alterations of 
the outlines of land and sea which are shown to have been going on 
up to the very latest geographical periods. The ancicnt monuments 
of Egypt, which take us back perhaps seven thousand years from the 
present time, indicate that when they were erected the neighboring 
countries were in a condition of civilization not very greatly different 
from that which existed when they fell under the dominion of the 
Romans or Mohammedans hardly fifteen hundred years ago; and the 
progress of the population toward that condition can hardly be ac- 
counted for otherwise than by prolonged gradual transformations, 
going back to times so far distant as to require a geological rather 
than an historical standard of reckoning. 

Man, in short, takes his place with the rest of the animate world, 
in the advancing front of which he occupies so conspicuous a position. 
Yet for this position he is indebted not to any exclusive powers of his 
own, but to the wonderful compelling forces of Nature which have 
lifted him, entirely without his knowledge, and almost without his 
participation, so far above the animals of whom he is still one, though 
the only one able to see or consider what he is. 

For the social habits essential to his progress, which he possessed 
even in his most primitive state, man is without question dependent 
on his ancestors, as he is for his form and other physical peculiarities, 
In his advance to civilization he was insensibly forced, by the pressure 
of external circumstances, through the more savage condition, in 
which his life was that of the hunter, first to pastoral and then to 
agricultural occupations, The requirements of a population gradu- 
ally increasing in numbers could only be met by a supply of food 
more regular and more abundant than could be provided by the chase. 
But the possibility of the change from the hunter to the shepherd or 
herdsman rested on the antecedent existence of animals suited to 
supply man with food, having gregarious habits, and fitted for domes- 
tication, such as sheep, goats, and horned cattle; for their support the 
social grasses were a necessary preliminary, and for the growth of 
these in sufficient abundance and naturally suitable for pasture was 
required. A further evasion of man’s growing difficulty in obtaining 
sufficient food was secured by aid of the cereal grasses, which supplied 
the incans by which agriculture, the outcome of pastoral life, became 
the chief occupation of more civilized generations. Lastly, when these 
increased facilities for providing food were in turn overtaken by the 
growth of the population, new power to cope with the recurring diffi- 
culty was gained through the cultivation of mechanical arts and of 
thought, for which the needful leisure was for the first time obtained 
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when the earliest steps of civilization had removed the necessity for 
unremitting search after the means of supporting existence, Then 
was broken down the chief barrier in the way of progress, and man 
was carried forward to the condition in which he now is. 

It is impossible not to recognize that the growth of civilization, 
by aid of its instruments, pastoral and agricultural industry, was the 
result of the unconscious adoption of defenses supplied by what was 
exterior to man, rather than of any truly intelligent steps taken with 
forethought to attain it; and in these respects man, in his strugele 
for existence, has not differed from the humbler animals or from plants. 
Neither can the marvelous ultimate growth of his knowledge, and his 
acquisition of the power of applying to his use all that les without 
him, be viewed as differing in any thing but form or degree from the 
earlier steps in his advance. The needful protection against the foes 
of his constantly-increasing race—the legions of hunger and disease, 
infinite in number, ever changing their mode of attack or springing 
up in new shapes—could only be attained by some fresh adaptation 
of his organization to his wants, and this has taken the form of that 
development of intellect which has placed all other creatures at his 
feet and all the powers of Nature in his hand. 

The picture that I have thus attempted to draw presents to us our 
earth carrying with it, or receiving from the sun or other external 
bodies, as it travels throngh celestial space, all the materials and all 
the forees by help of which are fashioned whatever we see upon it. 
We may liken it to a great complex living organism, having an inert 
substratum of inorganie matter on which are formed many separate 
organized centres of life, but all bound up together by a common 
law of existence, each individual part depending on those around it, 
and on the past condition of the whole. Science is the study of 
the relations of the several parts of this organism one to another, 
and of the parts to the whole. It is the task of the geographer 
to bring together from all places on the carth’s surface the materials 
from which shall be deduced the scientific eoneeption of Nature. 
Geography supplies the rough blocks wherewith to build up that 
grand structure toward the completion of which science is striving. 
The traveler, who is the journeyman of science, colleets from all quar- 
ters of the earth observations of fact, to be submitted to the research 
of the student, and to provide the necessary means of verifying the 
inductions obtained by study or the hypotheses suggested by it. If, 
therefore, travelers are to fulfill the duties put upon them by the divi- 
sion of scientific labor, they must maintain their knowledge of the 
several branches of science at such a standard as will enable them 
thoroughly to apprehend what are the present requirements of sci- 
ence, and the classes of fact on which fresh observation must be 
brought to bear to secure its advance. Nor does this involve any 
impracticable course of study. Such knowledge as will fit a traveler 
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for usefully participating in the progress of science is now placed 
within the reach of every one. The lustre of that energy and sclf- 
devotion which characterize the better class of explorers will not be 
dimmed by joining to it an amount of scientific training which will 
enable them to bring away from distant regions enlarged conceptions 
of other matters besides mere distance and direction. How great is 
the value to science of the observations of travelers endowed with a 
share of scientific instruction is testified by the labors of many living 
naturalists. In our days this is especially true; and I appeal to all 
who desire to promote the progress of geographical science as explor- 
ers, to prepare themselves for doing so efficiently, while they yet pos- 
sess the vigor and physical powers that so much conduce to success 
in such pursuits. 


+ + & 


DIAMOND-CUTTING:’ 
By Dr, A. C. HAMLIN, 


HE process of diamond-cutting is a very simple matter to those 
acquainted with the nature of the gem. To cut the facets, two 
stones are cemented on two sticks, and rubbed against each other 
until a facet is cut; then the position of one of the stones is changed, 
and another flat surface is cut. The process is thus continued until 
the gem is faceted all over. After the facets are ent, and a definite 
form given to the stone, the diamond is placed in the hands of the 
polisher, who fastens it in solder, and then holds it against a small 
steel disk revolving horizontally with a speed of 1,500 to 3,000 times 
a minute. This disk is moistened with oil mixed with diamond-pow- 
der, and one facet is polished at a time. Diamond-cutting proper is a 
rapid operation, but the polishing is slow and tedious. One cntter 
can generally furnish sufficient work for four or five polishers, 

There are a number of forms adopted by the lapidaries for these 
gems, but the two principal ones are the brilliant and the rose. The 
former pattern, first practised in Europe in the seventeenth century, 
is by far the best adapted for calling forth the powers of the gem. 
The other form is of unknown antiquity, and has long been in use 
among the THindoos. It affords the largest beams of light for the 
weight, but it lacks greatly in colored reflections when compared 
with the brilliant. 

For the perfection of the rainbow-play of les, it is essential that 
the facets of the snperior and inferior parts of the stone should corre- 
spond in exact proportions, and stand at fixed distances, so as to mul- 
tiply the reflections and refractions, and produce the colors-of the 


1 From a work on “The Diamond,” in the press of D. Appleton & Co. 
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prismatic spectrum. <All limpid and white gems must be ent accord- 
ing to this rnle, but with colored stones the case is different, for here 
perfection of color is to be attained, and brillianey is a secondary con- 
sideration, Ifence, a fine ruby or sapphire may be decidedly thin, and 
yet be a gem of great beauty and value. 


7 
¥, 
Fie, 1.—Strewarr Dramonp. Rough South Fig. 2.—ASTAR oF THE Souti. Rough 
African Crystal, weight, 2887, carats, weight, 25439 carats. 


The process of rifting diamonds by splitting them in their cleavage- 
planes was known long ago to the [indoos, but was forgotten to 
modern lapidaries till revived by Wollaston not many years ago. By 
this means masses of the crystal may be removed to escape a flaw or 
remove a spot. Some diamonds of the spheroidal form are deficient 


Fic. 3.—Mattam Dianonp, Bornco. Fig. 4.—Tue Kou-1-noor BEFonE RecuTtine. 
Rough weight, 367 carats. 


in cleavage-planes, aud are quite impracticable for cutting ; others 
have a concentrie arrangement of the planes of cleavage, as though 
crystallization radiated from the centre, and it is very difficult to 


polish them. The Hindoos avail ileméeclees of the natural cleavage 


208 THE POPULAR SCIENCE MONTHLY. 


of the gem, and form table diamonds by adroitly striking along one 
of the planes with a sharp-edged tool, thereby separating the layers, 
as slate is rifted by the miner. This operation, which appears so 
simple, really requires considerable skill, and much of that aequired 
instinet or tact which is best exhibited by our Western Indians, who 
chip, with marvelous rapidity and certainty, a glass-bottle into sym- 
metrical arrow-heads. 

The workman at a glance ascertains the direetion of the lamine, 
and with another diamond ents a noteh at the point where he would 
begin operations. In this notch he places the edge of his blunt steel 
knife, and, by tapping the back of it with a light iron rod, he splits 
the diamond with perfect ease. In reducing the natural diamond to 
a regular form, much of its substance is lost, and sometimes as much 
as one-half the weight of the stone. The amount of loss, however, de- 


Fic, 5.—Tne Kow-1-Noor AFTER RECUTTING. Fig. 6.—THE Recent. Weight, 136 
Weight, 1023 carats. carats. 


pends greatly on the natural form of the crystal. Perfeet oetahe- 
drons lose but one-fifth of their weight when fashioned into brilliants, 
but rhombohedrons lose over one-third on taking the same form, The 
following figures will give some notion of the loss; 


The Mogul weighed in the rough...........--........0. 7804 carats, 
Reduced in cutting to... . 2... cece eee cece cee eee 2792, ‘* 
The Regent weighed 410 earats; reduecd to.......... .. 13614 “ 
The Koh-i-noor weighed 1864 carats; redueed to......... 1023 * 


The Star of the South weighed 254} carats; reduced to.. 124; “ 


The process of entting diamonds of large size is always attended 
with risk, and is necessarily a costly operation. The Regent cost for 
eutting $25,000, and occupied two years’ time. The Star of the Sonth 
oceupied only ninety days, and the Koh-i-noor only thirty-eight work- 
ing-days. This great feat in diamond-eutting was performed by the 
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ablest of the Dutch lapidaries, with the aid of steam-power. The 
cost of cutting is said to have been $40,060—reduced, however, to 
some extent by the sale of the fragments. 

The process of diamond-cutting has within a few years been estab- 
lished in the United States, Mr. Henry D. Morse, a jeweler of Bos- 
ton, conceived the idea of constructing a machine for cutting and 
polishing the gem. While engaged in perfecting his appliances, 


Fic. 7.—Prover S1ZE oF BRit,ianT DiaNonn, Fig. 8.—Form or THE BRILLIANT- 
100 CaRaTs, ACCORDING TO JEFFBIES’S Cur. 
SCALE. 


chance threw in his way an itinerant vender of porcelain, who had 
once been employed as a workman in the diamond afelicrs of Amster- 
dam. The sight of the rough gems and the apparatus recalled to 
the mind ‘of the Jew the scenes of his youth, and awakened a desire 
to resume his former occupation, and he offered to do the work of a 
diamond-eutter, But, as the process was carefully considered, it was 
discovered that the Jew could only cut the facets of the diamond, and 
the art of the subseqnent polishing he did not understand. It seemed 
strange that an artisan who possessed the rare ability to tell ata 
glance how large a gem the stone would cut, how to avoid internal 
imperfections, and how to take advantage of the cleavage-planes, 
could not polish the facets after he had cut them. But such was the 
fact, for the two processes of cutting and polishing are widely differ- 
ent, and require separate instruction. However, the deficiency was 
soon supphed by an acquaintance who was induced to leave Holland 
and act as polisher in the American diamond adventure. The estab- 
lishment was now complete, but the business was at first confined to 
recutting and repolishing gems that had been damaged by long use 
or accident. The inventive genius of Mr. Morse made several impor- 
tant changes in the machinery required by the lapidary, and displaced 
the rude and cumbersome apparatus of the old system. At first but 
two or three men were employed, but, after the discovery of the South 
African diamond-mines, the rough gems soon furnished abundant ma- 
terial, and now several men and boys are constantly employed, with 
the aid of steam-power. 

In conseqnence of the suecess of the South African diamonds, and 
the abundant supply of the stones, another atelier has been established 


in New York, under the direction of Mr. J. Iermann. A large amount 
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of capital is said to be invested in this adventure, and employment is 
given to forty or more workmen, all Israclites, with the aid of steam- 
power. The establishment already boasts of having ent a fine crystal 
from South Africa, weighing eighty carats. 


Fig. 9.—ForM oF THE RosE-Cut. Fic. 10.—Form op toe Tabre-Cur, 


The process of cutting the diamond is divided by the Jews into 
several distinct branehes, and workmen are educated to perform one 
part but not another. Thus the eleaving, the cutting, and the polish- 
ing, have special operators, who beeome expert in performing well 
the parts assigned to them, withont attempting the others, This 
course has undoubtedly produced skillful workmen, but we see na 
reason why all the parts may not be perfectly acquired by an intelli- 
gent mechanic, The art of eleavage, however, requires tact, and 
onght to inelude some knowledge of mineralogy. For the particulars 
of the art of diamond-eutting, we will refer our readers to the inter- 
esting works of Jeffries, Mawe, and Barbot; still we briefly mention 
here some of the forms adopted for the diamoud, and how they are 
produeed, 


Fie. 11.—Tue Star or THe SoutH. Fig. 12.—Tue Great Mocun. Weight, 
Weight, 1244; carats. 2748; carats, 


The table and the rose patterns were the first regular forms adopt- 
ed by the lapidaries. The first was simply the top of the stone ground 
flat, with a corresponding flat bottom of less area, with its four upper 
and lower sides parallel to each other. As the light passed through 
the stone without much refraction, the beanty of the mineral was not 
developed by this pattern, It has been stated that the rose-shape was 
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invented in Paris, under the auspices of Cardinal Mazarin; but Taver- 
nier describes the diamonds of Aurungzebe as being of the rose-cut. 
Therefore, we must give a@ more ancient date to the pattern than 
Mazarin’s day. The form of the rose-cut is simply that of a hemis- 
phere, covered with small facets. Its flattened base is therefore ad- 
mirably adapted for incrustation-work, and the foil on which it is 
usually set serves as a reflector for the entering rays of light. Tle 
rose-pattern has several names, indicating the number of facets, If it 
has but twelve or less facets, it is called an Antwerp rose; if but 
eighteen or twenty, it is a semi-Holland; and a Uolland rose, if it 
bears twenty-four facets. At the present time these gems are uot in 
much demand, unless for incrustation-work, for which they are supe- 
rior, both in effect and in adaptability to the surface of the object to 
be ornamented. 

The form whieh appears to exhibit the splendors of the gem to the 
hest advantage, is that known as the brilliant, and is rightly named 
from its effects. It was discovered in Italy, in the latter part of the 
seventeenth century, by Peruzzi, of Venice, which city was then one 
of the chief gem-marts of the world. The conelusions which led to 
the adoption of this shape were derived from experiments npon col- 
ered stones. This form of the brilliant is that of the ancient deep 


Fic. 13.—TuE Nassack. Weight, 7834 carate. 


table modified by receiving thirty-two facets above and twenty-four 
below its girdle. The great relative depth of the gem, aided by the 
numerous facets of the sides, appears to increase the natural refractive 
power of the stone by confining, as it were, the rays of light inside of it. 

Another pattern, called the brilliolette, shows the beantiful qnali- 
tics of the gem to great advantage. It is formed like two rose-dia- 
monds joined together at the base; or may be flattened and elongated 
like an almond, and faceted all over with small facets. This is the 
form of the Sancy, and should have been given to the Koh-i-noor 
and the Star of the South, The Austrian yellow diamond is of this 
pattern, and was probably ent in India. And it is thought that the 
famons twelve Mazarin diamonds were also cut after this pattern. 
The star-pattern, which was invented by Cane, is but little nsed at 
the present time. 
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READING AS AN INTELLECTUAL PROCESS. 
By E. 0. VAILE, 


NP seme possesses a double imperfection. It is incomplete as 
an expression, as a product, as a symbol; it is imperfect, also, 
as a cause,as an exeitant. It is inadequate both to perfect expression 
and to perfeet impression. It fails to receive fully all that the mind 
would put upon it, neither does it faithfully deliver all which it fairly 
received, The soul, struggle as it will, cannot embody itself in form. 
Expression cannot equal conception. Language suffers this imper- 
fection in common with every plastic art. To the great master how 
feeble must have seemed his glorious “ Ninth Symphony” as an ex- 
pression of that heavenly harmony which must have filled his soul! 
What forms and colors, beyond the powers of matter to present, must 
have possessed the spirit which produced “The Last Judgment!” 
So with the great masters of literature. To how little of what 
they must have felt and thought have they been able to give a “ local 
habitation and a name!” And then, even at our best, what a feeble 
hold do we lay upon what they have bequeathed ! 

Now, this full interpretation and appreciation of an author, the 
perfect work of the apparatus whieh should take the impression, con- 
stitute reading of the highest order. In such reading perception be- 
comes intuition, divination. It is not baffled by the inherent weakness 
of language, but feels that “more is meant than meets the ear.” 

Of course, reading of this kind assumes, to a large extent, equality 
of mental stature in author and reader. Indeed, it is quite true that, 
from a book, as from any work of art, we receive that only which is a 
reflex of ourselves, the counterpart of what we are, Words and sen- 
tences do not reeeive their interpretation from the writer alone. The 
reader himself beeomes an uneonseious author, loading the vehicle 
according to his own calibre and character. It iseven a question to 
what extent great authors “have built better than they knew,” so in- 
genions and profound have been their commentators, Lowell says: 
“Goethe wrote his ‘Faust’ in its earliest form without a thought of the 
deeper meaning which the exposition of an age of criticism was to find 
in it; without foremeaning it he had impersonated in Mephistopheles 
the genius of his century.” Some one has said: “ No man is the wiser 
for his books until he is above them.” Milton expresses the same in 
“ Paradise Regained,” b. iv., line 322: 

“, . . Who reads 
Incessantly, and to bis reading brings not 
A spirit and judgment equal or superior, 
(And what he brings what need he elsewhere seek?) 
Uncertain and unsettled still remains, 
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Deep versed in books, and shallow in hinself, 
Crude or intoxicate, collecting toys, 

And trifles for choice matters, worth a sponge; 
As children gathering pebbles on the shore.” 


Notwithstanding their seeming inconsistency, these sentiments cer- 
tainly contain a large portion of truth. It would be interesting to 
have the great poet’s answer to his own parenthetical question, His 
devotion to books and his acquaintance with all literature and learn- 
ing are a striking comment upon his query. Every reader must real- 
ize that the nearer his own intellectual grasp and sympathy coincide 
with his author’s, the more nutriment he receives. Carlyle says, “ We 
are all poets when we read a poem well.” 

In this reading well there is another element of very great impor- 
tance, and exceedingly rare among ordinary people, not to speak of 
children. It is closely allied to the preeeding. It is expressed in 
the phrase, “ Reading between the lines.” It is the perception of what 
is implied, as well as what is explicitly stated. It is the discovery, not 
of meanings purposely or carelessly hidden, but of thoughts which, in 
the highest symmetry and completeness, must have accompanied the 
one expressed. This power is needed in the proper reading of all 
good authors ; but it is called forth most largely by our twin philoso- 
phers, Bacon and Shakespeare. 

But there are elements more fundamental than these; so fundamen- 
tal, in fact, that the thought seems seldom to occur to us that there 
can be any weakness in regard to them. The first of these, probably, 
is the knowledge of the meaning of words. How we obtain this knowl- 
edge is not so simple a question as it may seem, 

We have a complete understanding of a term, when in our mind 
the association is so perfect between the arbitrary sign and the thing 
signified that the sign spontaneously suggests the thing. It is un- 
doubtedly true that the first words addressed to a child are inter- 
preted to him, and the idea fixed in his mind by the language of ac- 
tion and of circumstance which accompanies them. It is precisely the 
process by which a dog or a monkey is tanght to perform its antics. 
The idea is associated direetly with the phrase which strikes the ear, 
without a suspicion that there are any components, any words. The 
child’s attention is engaged with complete propositions, and not with 
individual words; he grasps the whole, not realizing that there are 
parts. He hears you say, “Take care,” “Come to mamma;” your 
actions and the circumstances associate the full thought with the 
proposition. 

A process quite similar to this is employed by us largely throngh 
life. We get, and can get, the meaning of words to a great extent 
from their connections only. ‘ Words are living things,” says Presi- 
dent Porter, “only when they are parts of the sentence. They cannot 
be fully understood except as seen in their connection.” The power 
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to appreciate these connections, to feel their force, is a valuable aequi- 
sition, and one in which our youth are sadly deficient. It is a power, 
for want of which no amount of use of the dictionary will compen- 
sate; it is most requisite where the dictionary is not thought of, and 
should not be, in cases where common words are used with modified 
or figurative meanings. The intellect is not so robust under our mod- 
ern methods, as when every boy ciphered for himself, and overeame 
his difficulties as best he could. The power to grasp another’s thought 
seems to have deteriorated with the other faculties. Now every thing 
has to be explained. The ability to see through good English with- 
out the aid of commentary, tone and inflection, seems to be a lost art 
in our schools. Recently a large class in one of the best high-schools 
in the country showed itself to be entirely unable to comprehend such 
sentences as these: “ Words are the counters of wise men; the coin of 
fools.” “ Worth makes the man; the want of it the fellow.” In such 
cases nothing will avail but the perfect appreciation of the words from 
their connections. I would not encourage the habit of “jumping at 
the idea,” but I would encourage the habit of digging it out by main 
strength, There is such a thing as wrestling with a thought until it 
seems to unfold itself to our comprehension: and he is not worth mueh 
as a reader who does not know by experience what it is to grapple 
with a passage, and to hold on to it until light breaks from within it, 
Our edueation tends to shield us entirely from such contests. We are 
taught to hasten to the quarto oracle. When it fails to respond, we 
give up in despair. We do not learn the use of native strength; too 
much assistance has shorn us of our locks. 

Although there is this important duty to be performed guite inde- 
pendent of the dictionary, it by no means lessens the value of that 
book. Because it is the custom to dilute thoughts until their vigor is 
gone, and to explain text-books until no thought is required to com- 
prehend them, it does not follow that explanation is never of use. 
The old adage is simply to be recalled: “ A place for every thing, aud 
every thing in its place.” There is a place for explanations and for 
definitions ; but there is a larger place for active thought, for strong, 
unaided wrestling with the printed page, for a keen appreciation of 
the connections of words, 

There is no guarantee of thorough scholarship and character so 
sure as the proper use and appreciation of the dictionary. It is an 
infallible omen as to the future of any boy or girl The right habit 
is acquired only painfully and slowly. It represents a most high 
and valuable degree of self-discipline, as well as of intellectual activ- 
ity. Much more can be, and should be, done for it in our upper schools 
than is accomplished. Any course of training is defective from which 
pupils pass without that appreciation for the dictionary and that in- 
terest in it which they feel for a worthy teacher, full of knowledge, 
always accessible, and ever in the best humor. 
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Asking questions is not necessarily a good thing. There mnst be 
reflection and an active ose of the senses accompanying every inquiry 
of any value to the qnerist. And so it is in looking for definitions. 
To do this impulsively, and to be satisfied with synonyms, Is not 
effective work. The clement of thought and of association is wanting. 
Meanings thus acquired do not become a permanent acquisition: 
whereas thorough effort seldom allows the necessity of referring to a 
definition a second time. 

The power to read well is also in proportion to the development 
of the power of association. This is a faeulty in which we differ very 
greatly, and yet it is largely a matter of edueation. To one person a 
statement in physies will stand unsupported, until common facts are 
brought to his notice, while to another instances in support will flock 
unbidden from the household or the wayside. To some minds, pas- 
sages in one author will spontaneously suggest passages in another; 
while other minds will fail to pereeive the relation until accident or 
design brings it directly to their notice. It is true that memory is a 
large factor in this matter; but, independent of this, there is a readi- 
ness of association which may be acquired, and which is very essen- 
tial. It is a qnickness to levy on our own observation and experience 
when another’s ideas are presented. Bacon advises, “ Read to weigh 
and consider.” When we do this, association is the most prominent 
faculty at work. In fact, according to our strength in this faculty we 
will weigh and consider. An anthor’s sentiment will be flanked, as it 
were, on both sides, by phenomena from our experience to support or 
attack him. The degree of this faculty distinguishes the strong from 
the weak; the teacher from the learner; culture from erudeness. It 
means digestion, assimilation, It is in this faculty that genuine learn- 
ing differs from mere memorizing ; thorongh acquisition from cram- 
ming. It vivifies knowledge; it is almost wisdom. This faculty is 
quite subject to cultivation, and no acquisition will so well repay the 
labor expended upon it. The attention is not given to it in our eduea- 
tion which should be. To childhood and youth the different subjects of 
study stand as unrelated wholes. There is no interchange of thoughts 
and associations between different branches. An idea occurrmg in 
one subject does not bring up a closely-related idea in another subject. 
Pupils are not taught nor led to connect their knowledges. It is so by 
the force of circumstances. Every class-room has its own presiding 
genius which fellowships with no other. Every specialist tends to 
reproduce himself. Furthermore, there is a feeble association be- 
tween what is learned from books and what is learned from practice. 
Lite in the school-room and life out of it are separate existences. In 
the popular notion, book-learning is a sort of mystery, a peculiar power 
quite distinct from the common-sense and commion experience of every- 
day life. The “connection of the physical sciences” has become a 
familiar idea. When shall we realize that there is a connection be- 
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tween all sciences and all knowledge, and that one truth really be- 
comes ours only in proportion as it is surrounded and illuminated by 
other truths already ours? But, in spite of all untoward cireum- 
stances, the power of association in reading can be, and should be, 
trained carefully. 

The power to read well depends, likewise, upon our power of per- 
ception, of mental perception ; upon the readiness with which we dis- 
cover the relation between ideas. The degree of this faculty, more 
than any other one thing, constitutes the difference between dull and 
sharp minds, Also, it seems to be, more than any other faculty, a 
native endowment. However, training will show here as plainly as 
elsewhere. Persons blindfolded have described the contents of rooms, 
the position of doors, windows, ete., with such accuracy that the cred- 
nlous have attributed to them a superhuman power; whereas, their 
whole seeret lay in the development of their perceptive faculties. 
Circumstances unnoticed by others gave them information and the 
power of inference. The same difference may be observed among 
readers. One person at a single reading will grasp the thought pre- 
cisely as it was expressed; for another, even time and study are not 
suflicient to impress all the modifications and the exact form of the 
idea, Our Federal Constitution affords a good opportunity to test 
this power of perception in reading. “No person except a natural- 
born citizen, or a citizen of the United States at the time of the adop- 
tion of this Constitution, shall be eligible to the office of President ; 
neither shall any person be eligible to that oftice who shall not have 
attained to the age of thirty-five years, and been fourteen years a resi- 
dent within the United States.” Upon once perusing this, a fair reader 
would instantly recognize the difference between the two classes of 
citizens spoken of, and also consciously notice that in the last line it 
is not “citizen,” but “resident,” and he will distinetly perceive the 
difference in the meaning of these words. But this is just what a vast 
number of those who ought to be good readers will not do, They 
will not perceive these distinctions until study or comment brings 
them to their attention. I say a good reader will consciously per- 
ceive these differences; he will think of them as he goes along: for 
many persons will retain in a physical chamber of the mind, as it were, 
an echo of the words, and repeat them verbatim, but these distinct 
ideas will not penetrate their consciousness. Submit to the average 
readers of Byron this line upon the Gladiator : 


“|. . His manly brow 
Consents to death, but conquers agony,” 


and judge of the quickness and clearness of their perception. 

A large part of the function of this faculty consists in the percep- 
tion of analogies, Such is its chief office for the student of literature 
The feeling of likeness in one way or another is the foundation of all 
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similes and metaphors, which make up so large a part of language. 
Here perception largely depends upon the power of retleetion, Weak- 
ness often comes from neglect, or inability to hold the mind steadily 
to the thought. If you would be eonvineed of the general feebleness 
of perception of analogies and of their appreciation, experiment with 
a simple and beautiful couplet like this from Goldsmith : 


“To husband out life’s taper at its close, 
And keep the flame from wasting by repose.” 


Or, this most perfect metaphor from Grattan on the failure of the 
Irish Government : 


“T sat by its cradle, I followed its hearse.” 


It is true that this power depends very largely upon maturity of mind 
and amount of experience. But it is the vigorous exercise of observa- 
tion and perception, and not length of days, which gives maturity and 
experience, 

Another faculty, and the foundation of all, upon which good read- 
ing depends, is the power of attention. Upon it direetly depend the 
powers of association, of pereeption, and of memory. It is said that 
Sir Isaac Newton attributed his diseoveries entirely to his habit of com- 
plete concentration of mind, and not to any superior quality of mind. 

It is not a rare experience to most persons to find that they have 
read a passage, and yet that they are entirely unconscious of its eon- 
tents. The physical man seems to have done its part perfectly; but 
the mind was employed upon other errands. Years are wasted before 
many of us discover that most of our ordinary reading is performed 
with not more than one-half of the mind, without real mental activity. 
There are persons who have been hard of hearing all their lives with- 
out realizing it, simply because experience has not given them an idea 
of a power more acute than their own. It is somewhat so in the mat- 
ter of attention. It is rather a discovery to us when we first realize 
what may be accomplished by concentration of force; when we feel 
that attention is not passivity, but energy. It is a fortunate day for 
us when this awakening comes, and we begin the earnest endeavor to 
hold our mind to its work as though it were a truant school-boy. 

Weare told that we must appeal to curiosity to arouse this atten- 
tion; that we must always read and study with interest. Good coun- 
sel, so far as it goes. But mere curiosity is quite inadequate to the 
great work of education. It may lead through “ Nicholas Niekleby,” 
but it rarely carries us through algebra or geometry. Something 
more reliable than a mere impulse is needed to make a strong mind. 
Back of all must stand a strong will, with the ability and disposition 
to use it. M. Marcel well says, “The great secret of edueation lies 
in exciting and directing the will.” In later mental acquirements we 
realize the omnipotence of will. It is the want of this prime element 
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which makes our attention so weak in the period of immaturity. In 
childhood, attention is a direet product of curiosity. As we grow 
older, curiosity is sated, and becomes weak as a motor. Nothing 
takes its place until we discover that attention is under the control 
of the will, and until, by perseverance, we acquire the power of thus 
controlling it. It is only then that we make rapid conquests, and 
that genuine inental discipline shows itself. There is no reason why 
it should be so late in life before this force becomes a substitute, as it 
were, for curiosity, From want of this mastery of the will over at- 
tention, the great majority of our youth close their school-life without 
realizing of what they are really capable. 

Instead of aiding to impart this power, ordinary school-work does 
positively the reverse. Humdrum repetition is made a substitute for 
attention. By dint of drilling and memorizing, reeitations are pre- 
pared, but without concentration of thought. Our children simply 
mark time; they do not advance. They know of no means of aequi- 
sition but “study,” in the school-room sense. ‘To them it is not 
quality of effort, but quantity. They can appreciate exertion only 
in the bulk. They know little of intensity of labor, or of its rewards. 
To them simple reading means a very feeble, unsatisfactory hold upon 
the matter read, With the mind only thus half awake, comprehen- 
sion of the author is very feeble; and, as a consequence, we find sub- 
stantial, profitable reading a dull exercise to many who, by their 
training, as we think, ought to find pleasure in it. 

Jt is to be observed that just in proportion to the intensity of our 
mental action in grappling the thought, just to that extent does the 
langnage vanish from our view, and the thought only remain, The 
mind is not conscions of having seen words, but only of having per- 
ceived ideas, Any one must realize, upon reflection, that, when study- 
ing with a purpose of verbal reproduction, there is a diversion of effort 
from the thought. Ordinary memorizing, instead of aiding, is the 
direct enemy of thought. As we are impressed by the peculiarities 
of language, the vigor of the sentiment loses. The best reader, so far 
as seeing the author’s mind is concerned, is the poorest proof-reader 
in regard to mere typographical errors—attention to the vehicle is 
so much withdrawn from the content. Henee, that study or reading 
is not entirely worthless which fails to give us the power to reproduee. 
The power of expression generally lags behind the power of thought. 
The slightest observation of a child will convince that he often thinks 
and feels what he cannot declare. Unquestionably there may be 
good ground for the remark, “I know, but cannot tell.” He is to 
be pitied who, even in mature years, never finds his soul pregnant 
with a thonght, while he feels that the words adequate to convey 
it are wanting. There may be mental perception without the power 
to reflect it. This isa dangerous fact with which to allow children 
to become impressed, because of the universal proneness to find refuge 
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behind it from that wholesome effort at expression so essential to 
growth, and the elear apprehension of thought. For, without doubt, 
an idea is more firmly grasped and retained, and becomes negotiable 
only, by its clear enunciation. Generally speaking, “ what we know, 
but cannot tell,” is held by a very uncertain tenure. Thus, while the 
pupil should be urged to make his title good by the clear expression 
of his thought, he should realize that the most perfect reading fails to 
perceive the language consciously, or to retain it, leaving the thought 


disembodied, as it were, until the exigencies of communication require 
us to clothe it. 

In connection with this matter of attention, the primary school 
affords abundant opportunity for remark. For instanee, the halit of 
misealling words. From what does it arise? Supposing the thought 
and language to be easily within the child’s comprehension, it arises 
in this way: His attention has been exclusively occupied with indi- 
vidual words, in his struggle to master them He has’ failed to grasp 
the thought, or so much of the thonght as he might have grasped up 
to the point of difficulty. Now, when cireumstances bring the im- 
pulse to articulate a certain word, he is entirely unable to perceive 
whether or not the word coheres with what he has already uttered. 
In fact, he does not think, and eannot think, in regard to the sentiment 
of the sentence. His mind labors to recognize the words in their in- 
dividual capacity only, and not at all in their connections. If he 
actually grasped the thonght, although he might announce a word 
other than the one printed, still it would be impossible for him to an- 
nounce a word which in the connection would be totally irrelevant or 
absurd. Now, in such a case, what is the teacher to do? ‘To tell the 
child the word? To practically erase all the rest of the sentence, and 
to impress that individual form upon his mind? By no manner of 
means, This, however, is the universal practice ; and from this prac- 
tice partly results the abominable failure of our schools to teach our 
children to read fully and truly. It is the teacher’s duty to get the 
ehild’s mind on to the thought; to repeat the sentence, or to have it 
repeated, up to the point of difficulty, and to lead him by his own in- 
tellect to suggest a word, or the word, which will harmonize with the 
previous words. Indeed, he may not pronounce the word before his 
eyes, but, with any proper training, he will be far from suggesting a 
vocable which will present a solecism to his infantile perception, It 
is impossible to eonecive of learning to read without miscalling words ; 
but it is possible to conceive of a child’s learning to read without pro- 
nonneing a word, among all his blunders, which his own powers are 
able to see is entirely absurd in the connection. Could that much be 
achieved, a great good would be done for us in after-life. One-half 
of the want of perception and attention which we now exhibit would 
be corrected. 

Later in school-life teachers encounter this thing as a difficulty. 
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In “ easy reading,” children do not call the words printed, but others 
partly synouymous, or at least consistent. How is this to be looked 
at? It is a very trifling fault, so far as the real intellectual part of 
reading goes; the part we need in life, and which of all things should 
be taught, This fault, as it is called, is a good omen. You do not find 
the sluggards and the blockheads guilty of it. They continue the in- 
fantile fault first spoken of. This substitution of equivalent terms for 
those printed is done, and can be done, only by the bright, the active, 
the thoughtful. Observation will prove that this is invariably so. 
This fault teachers can well afford not only to tolerate, but to encour- 
age. It indicates the presence of the only thing that is wanted—the 
clear grasping of the thought. It arises only because the pupil so 
fully comprehends that he is able by anticipation to supply a word 
for the author, if not the word. Such mistakes are worthy of remark, 
and, for the purpose of actually learning to read, there cannot be a 
better recitation than one made up entirely of such errors. Twenty 
reading-lessons devoted to this paraphrasing, and kindred work, to 
one of the ordinary kind of lessons, would work a wonderful change 
in the mental status of our children. 

It is true, in the abstract, that words are the signs of ideas; but it 
is not true that the utterance of words by children is a sign that they 
possess the idea. We are taught in childhood upon the assumption 
that every sentence pronounced leaves its distinct and proper coun- 
terpart in our mind. None can know so well as teachers how far this 
is from being true; and how much more reliable as an indication of 
full mental perception, tone, inflection, emphasis, feature are, than the 
recital of the words. There is no fact which so londly calls for the 
consideration of teachers as this—that the reading or reciting of words 
is a very uncertain sign that the idea is lodged in the child’s mind. 
There is need for a new exercise and method in the teaching of read- 
ing; an exercise for teaching pure mental reading; a means of in- 
struction in which things more reliable than words shall be taken as 
proof that the idea is grasped; a test of the accuracy of mental per- 
ception in which such unreliable evidence shall not be heard. There 
are devices which partly answer this purpose, but they cannot be de- 
scribed here. 

Tf the real object to be aimed at in teaching reading were appre- 
hended, there would be more use made of maxims, forms, riddles, etc. 
Every philosophic teacher must perceive their utility. They are of 
value only as a means of discipline; but there is nothing which so 
easily and strongly stimulates concentration of thought. ‘They afford 
an opportunity to judge infallibly whether or not the learner clearly 
perceives. He is a rare child, indeed, who can read a pun, or any 
joke, to himself, and whose countenance will not promptly reveal to 
the slightest observation whether or not he “sees it.” . This cannot be 
said of ordinary sentences. 
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Furthermore, when wit does strike, it strikes with such effect, that 
the child himself cannot fail to discover whether he is hit or not; he 
cannot help but feel that he does or does not comprehend the idea. 
He may not be conscious that he does not clearly get an ordinary 
thought ; but he can hardly remain so in regard to an epigram like 
this, upon a conceited person. He will either “see it,” or know that 
he does not “see it:” 


“The best speculation the market holds forth 
To any enlightened lover of pelf, 
Is to buy Tommy up at the price he is worth, 
And sell him at that he puts on himself.” 


Or in regard to any of Lord Bacon’s apothegms like this one. Dionys- 
ius gave no ear to the earnest suit of the philosopher Aristippus until 
the latter fell at the tyrant’s feet. A by-stander afterward said to 
Aristippus, “You a philosopher, and to be so base as to throw your- 
self at the tyrant’s feet to get a suit?” Aristippus answered, “ The 
fault is not mine, but the fault is in Dionysius, who carries his ears in 
his feet.” 

What will so bring thought to a focus, and so develop the eom- 
prehension of words from their connections as a riddle like this from 
Dean Swift, and which My, Garvey, in his “ Manual of Human Cult- 
ure,” mentions as an illustration upon this point : 


“From heaven I fell, though from earth I begin ; 
No lady alive can show such a skin. 
I’m bright as an angel, and light as a feather, 
But heavy and dark when you squeeze me together. 
Though candor and truth in my aspect I bear, 
“Yet many poor creatures I help to ensnare. 
Though so much of heaven appears in my make, 
The foulest impressions I easily take. 
My parent and I produce one another, 
The mother the daughter, and the daughter the mother.” 


Of course, such material, of which the active teacher will find abun- 
dance, must be used judiciously. The purpose must be to develop, 
not simply to entertain. Such specimens must be carefully adapted 
to the capacity of the class. Time must be given, and encouragement 
to “weigh and consider.” Every contrast, comparison, and lurking 
sense, must be hunted out. No exercise in science or classics ean 
equal this as a sharpener of the wits (to say nothing of wit). The 
child is made to realize what real comprehension is. He becomes 
familiar with the sensation which accompanies a clear perception, and 
is more sensitive to its absence when dealing with more ordmary 
thoughts. It is in this way that the study of Shakespeare, now being 
introdaced into our high-schools, is going to do more for good com- 
mon-sense in the comprehension and use of language, than all the 


222 THE POPULAR SCIENCH MONTHLY, 


grammar taught in a century. It must be observed that a valuable 
part of the study of Shakespeare is of the same nature as this of whieh 
Ihave been treating. The study of the poet is largely a process of 
simply unfreighting words; an exercise in obtaining impressions from 
language under unfavorable circumstances, but with every thing to 
stimulate and reward the effort. We cannot find him lowered to the 
comprehension of young minds, as we can this seattered wit and wis- 
dom, or he would be a perfeet substitute for it. 

It is pertinent to ask how we know, how we become certain, that 
we correctly coneeive the idea of a word or a sentence. The only 
answer which can be given is, that our judgment seems to rely upon 
the general symmetry of the whole thought, a harmony of parts, a 
connection through and through whieh satisfies the mind that it is 
right. The judgment may err here as well as elsewhere. The accu- 
racy of this mental pereeption depends wholly upon the general power 
and activity of the reader. The great thing is, that the reader should 
obtain a clear, consistent, and reasonable idea, taking into considera- 
tion all the circumstances and connections. 

Lut there is a thing which education can invariably secure, and 
that is a ready consciousness that we do or do not obtain a clear, 
coherent idea from what we read. It would be unreasonable to de- 
mand that education should give us the power to understand all that 
we read; but it is perfectly reasonable to demand that it should give 
us the power to discriminate quickly between what we understand and 
what we do not understand; that it should develop that kind of at- 
tention which notities us at onee when we fail to get or comprehend 
clearly an author’s thought. he failure here is one of the saddest 
features connected with the subject of reading, and, indeed, with the 
whole matter of common-school education, From the lowest grades 
to the highest our children read, learn, and recite passages, without 
comprehending them, and, what is far worse, without realizing their 
want of comprehension, Any close observer and questioner can satisfy 
himself of this by a short visit to the school of his own district. This 
is an unpardonable weakness in the methods of instruetion. It is a 
shame, and there can be uo defense for it. From every thing that he 
reads or learns, the child ean, and should get, not necessarily a correet 
idea, but an idea intelligible and coherent according to his powers; or 
else he should be perfeetly conscious that he gets no such idea. 

It has become chronie with college presidents, professors, and ex- 
aminers generally, to complain of the inability of our youth to speak 
and write the language. If these wise men were as wise as they ought 
to be, they would discover that they have not yet reached the funda- 
mental evil. They must probe deeper if they would reach the bottom. 
The foundation of the trouble lies in the want of ability, or rather in 
the want of the habit of understanding language fully. 

In spite of all our systematic education, there is a fearful lack of 
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accurate comprehension of good English; and this ever underlies the 
defect of expression. Of all the young men of whom the complaint is 
so justly made, I do not believe there is one to be found who has the 
faculties well developed whieh are neeessary to a good reader, The 
primary fault is not to be found in the instruetion in composition, but 
in the instrnetion in reading, and this last includes: every subject in 
which the pupil has a book to use. Show me a person who is a good 
reader in the real sense of the term, one who has a strong power of 
attention, quick perception, active association, and other requisites to 
a fair mental reader, and I will show you a person who will not come 
far short of reasonable demands in his composition. The one follows 
the other naturally and invariably. This statement will be fully sup- 
ported by any elass after six months of faithful study of the English 
classics. 

Of this want of comprehension there are several sourees which are 
unwittingly fostered : 

1. While children, we are compelled to study and read over and 
over again the same lessons. The mastery of words is made the end 
and the only end, in the view of both teacher and pupil, instead of re- 
maining to each as a means only, a subordinate matter, Curiosity, at 
that age the natural governor of attention, is destroyed; and nine- 
tenths of our task-reading is performed with an indifference and weak- 
ness of thought which do not deserve the name of reading. This 
will continue so until the reading-matter put into our schools is greatly 
inereased in variety and amount. Rarely, and only at long intervals, 
should a lesson be read more than once. The habit of seeming to read, 
of performing the physical part, while the mental faculties he as dead, 
is easily formed. But it should be resisted. The problem before the 
primary teacher is this: To keep firmly fixed in the child’s mind that 
the chief thing is the idea, while at the same time he is duly impressed 
with forms and words. Not only must the tongue utter, but the spirit 
must see what we read. 

2. Also, in childhood we are allowed or required to read what we 
do not understand. A common illustration of one form of this evil 
oceurred recently in the closing exercises of a first-class normal school. 
The pupil-teacher was to exhibit her power by means of a lesson in 
writing to a large class of bright boys about seven years of age. She 
had placed upon the black-board, as her copy, those four familiar lines— 


“Work while you work, 
Play while you play,” ete. 


The writing was certainly most admirable ; but the inquiries of the 
lady-principal revealed the fact that the children had not the least 
conception of the first two lines. Most, indeed, seemed not to have 
thought any thing about the meaning. This is a sample, taken, how- 
ever, from normal training, of the vast number of ways in which as 
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children we are permitted or required to handle words without associ- 
ating any meaning with them. The same may be seen in the thought- 
less singing of our Sabbath-schvols. Thus words become the only 
things which we think of; and we lose the feelings which accompany 
clear comprehension, or the want of comprehension, Aecnustomed to 
a dull tool, we lose the consciousness that it is dull. But let us rarely 
have a dull one in our hands, and how intolerable it seems to work 
with it! Blunt our keen perceptions upon things which we do not or 
cannot penetrate, and we become insensible to the fact that our in- 
strument is dull, and fails to perform its proper work. It is better, 
by all means, that the child should attach wrong ideas to all he reads, 
than that he should form the habit of reading without attaching 
any ideas. Let any friend of education look upon the stolidity of 
the average product of our schools, which comes from this meehanieal, 
absolutely thoughtless reading, and he cannot bunt feel that we are 
producing a large amount of artificial stupidity. I do not say that 
pupils should xever be required to read or learn what they do not com- 
prehend; but I do say that such should never be the requisition so 
long as they are in danger of falling into the habit of which I speak, 
nor until they have the habit of reading with the distinet realization 
that they do comprehend or that they do not. 

3. I have said that the power of expression is possible only after 
a proper development of the capacity to receive impressions. The 
power and the habit of conveying thonght will follow as a conse- 
quence of, and in proportion to, the power and the habit of receiving 
thought. This plainly indicates the plan which should be adopted by 
any rational system of primary instruction in reading. As a matter 
of fact, however, the universal practice of teachers is in direet opposi- 
tion to this prineiple. It is assumed on all hands that the practice of 
reading can have no other object than to impart elocutionary skill; to 
cultivate the power of oral expression. The great question which 
governs the method in this braneh is not, Do we understand others? 
but, How to make others understand us. It is taken for granted that 
distinctness uf articulation, correctness of inflection, ete., surely indi- 
cate the presence of the thought within. Pupils are drilled almost 
daily in reading from the time they are six until they are sixteen, and 
yet they cannot read. They pass over that which to them is intelli- 
gible and that which is not intelligible alike, without the least discrimi- 
nation. Words, words merely, are their only eurreney, Professors ot 
elocution, and teachers. of reading, do not impart the power we need. 
They teach us an accomplishment, but neglect our necessity. They 
make oral reading a high and important end, while it is simply a means, 
and should so be used. Our children are taught as though a large 
portion of their existence were to be spent in reading aloud ; whereas, 
probably not one-fiftieth of all the reading done by people in ordinary 
circumstanees is of that kind. For most of us, it is our intellectual busi- 
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ness in life to understand, to receive, to unload, as it were, that which 
others have put aboard. At least ability in this line is what we need 
infinitely more than the mere art of conveying thought. The number 
is comparatively small of those who are called upon to ereate, to body 
forth the soul either as orators or writers. The truth is, within the 
proper and legitimate sphere of school-reading, the cultivation of the 
organs of speech should be strictly subordinate to the great end of ac- 
quiring and retaining thoughts. The voice and ear have just that 
kind of work to do, and no other, which is performed by the gauge 
upon the steam-boiler, viz., to afford a means of jndging of the condi- 
tion of things within—the one of the pressure of steam, the other of 
the clearness and coherence of ideas, The paramount object in learn- 
ing to read is to acquire the power of obtaining from the printed page, 
and by means of the eye only, ideas clearly and quickly. This should 
be the foremost thing with every teacher. Tone, emphasis, inflection, 
and general expression are, or should be, only the test-marks to indi- 
eate to the teacher whether or not the thought as presented by the 
printed words is fairly lodged in the mind of the learner. This per- 
feetly subsidiary character of oral reading and the actual comprchen- 
sion of the thought are almost entirely lost sight of% The subject is 
taught as a fine art, an art of expression only, the same as music, 
instead of the art of sonl-perceptions, the art of sceing and feeling 
ideas and sentiments, 

Such are some of the faculties which need attention in making 
good readers, and some existing faults which need correction, 


THE DEEPER TTARMONIES OF SCIENCE AND RELIGION,’ 
IV. 
T the outsct I drew a distinction between theology and religion. 
Theology I considered to be the intelectual or scientific knowl- 
edge of God, religion the imaginative or sympathetic knowledge of him. 
After examining, then, to what extent theology is modified by the 
omission of the supernatural source of knowledge, after showing that 
it is in no way destroyed, since it has always been of the essence of 
theology to inquire what is the relation of the universe to human 
ideals—and this inquiry remains legitimate, necessary, and all-impor- 
tant, whether we appeal to natural or supernatural evidenec—I pass 
on to consider the modification produced by the same omission in 
religion, With what feelings should we regard God contemplated 
only in Nature ? 
Tt will be evident, from what was said at the close of the last chap- 
ter, that the common impressions about the worship of Nature are 


1 From a series of papers, in Muemillan's Magazine, on “ Natural Religion.” 
. VOL, Vit1.—15 
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quite mistaken, It is vaguely imagined that the worship of Nature 
is neither more nor less than classical paganism, and that to adopt it 
would be to revive the “ golden years ” Shelley sings of, to substitute 
a Madre Natura for the Christian Church, and Pan or Apollo for Christ. 
This is a misconception of precisely the same sort as that which re- 
gards Nature as pitiless and inhuman, Let us always remember that 
Nature, as we are using that most ambignons of words, is opposed sim- 
ply to the supernatural. Sometimes, as I pointed out, it is opposed 
to man. When paganism is said to be a worship of Nature, the 
word is used ina third sense, and one somewhat indeterminate. It 
is opposed rather to civilization. Paganism did not contine itself to 
the worship of inanimate Nature. It deified, to be sure, the sun and 
moon, the sky, the morning and evening star, and all the principal 
phenomena of inanimate Nature. But it worshiped also certain dei- 
ties who were supposed to preside over human life, powers of birth, 
marriage, and death, protectors of tribes and eities, powers of war 
and commeree, powers of the human mind. When we call it Natare- 
worship, therefore, we are not using the word Nature simply as op- 
posed to man. But it so happened, we may say quite accidentally, 
that in its worship of the phenomena of man paganism paused ab- 
raptly. The worshiping disposition in the ancient nations decayed as 
society advaneed; they ceased to increase their Pantheon as human 
phenomena became known to them. The consequence is, that the dei- 
ties that have to do with human life in paganism concern only what 
is most elementary and primitive in human life. To people in the 
tribal stage paganisin would have seemed to embrace the whole of 
humanity as well as inanimate Nature. But when nations had left 
that stage far behind them, when they had devised complicated poli- 
tics, and invented arts and seienees, paganism still remained in its 
old condition, It did not progress, and in the last ages of the ancient 
world the traditional religions reflected the image of a much simpler 
time. This in reality deprived them of all influence exeept with the 
rural population, but at the same time it gave them a charm to all 
those who were influenced by that reaction against civilization and 
progress which is always going on, The same charm is felt by us 
when we look back upon paganism. When we see statues of Pan or 
Faunus, when we read Tomer, we feel the fascination of naiveté and 
simplicity. And to express what we feel we fall back upon the un- 
fortunate and overworked word Nature. We say these old pagans 
worshiped Nature, meaning apparently to say that their thoughts and 
feclines had not been much modified by the influence of thinkers, in- 
ventors, systematizers, that in fact their minds were in a childlike 
state, and had the freshness and joyousness of childhood. 

Evidently Nature here is not in any way opposed to the supernatu- 
ral. The supernatural eould not enter into any ereed more than it 
entered into the creeds of these so-called worshipers of Nature. 
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And, if the supernatural were omitted from our present creeds, the 
residuum would not be elassical paganism, It would be something 
like what paganism would have been if religious feeling had not been 
weakened by the growing complication of human life. TIad men’s 
minds continued as religious in the age of Aristotle as they were in 
the days of lfomer, it is not difficult to see how paganism would haye 
developed. The great product of civilization is the development in 
men’s minds of the feeling of justice, duty, and self-sacrifice. These 
new feelings, then, would have embodied themselves in new deities, 
or new conceptions of old ones. Paganism in developing would have 
become moral, and so would have lost all the charin which the mod- 
erns, tired of morality, find in it. And in doing so it would not 
necessarily haye given more weight to the supernatural, and might 
easily have given less, Notions of duty and morality have no neces- 
sary connection with the supernatural. The worship of God in Na- 
ture, therefore, the worship of the Being revealed to us by science, 
would not be a religion without morality, because, however science 
may repudiate the supernatural, it cannot repudiate the law of duty. 
To human beings that have reached a certain social stage, duty is a 
thing quite as real as the sun and stars, and exciting much deeper 
feelings, In the sense in which we are using the word, duty is a part 
of Nature. The worship of Nature, therefore, would be no pagan- 
ism. It would not be mere animal happiness or esthetic enjoyment 
of beauty. It would be far more like Christianity. It would be 
mainly concerned with questions of right and wrong; it would be in 
almost as much danger as Christianity of running into excesses of 
introspection and asceticism. 

But, now that we are on our guard against this misconception, let 
us go somewhat further back to inquire what the religion of God in 
Nature will be, The word religion is commonly and conveniently 
appropriated to the feelings with which we regard God. But those 
feelings—love, awe, admiration, which together make up religion—are 
felt in various combinations for human beings, and even for inanimate 
objects, It is not exclusively but only par eacellence that religion is 
directed toward God. When feelings of admiration are very strong, 
they find vent in some act; when they are strong and at the same 
time serious and permanent, they express themselves in recurring 
acts, and hence arise ritual and liturgy, and whatever the multitude 
identifies with religion. Bunt, without ritual, religion may exist in its 
elementary state, and this elementary state of religion is what may 
be described as habitual and permanent admiration. 

Religious feeling readily connects itself with the supernatural— 
“Gern wohnt er unter Feen, Talismanen ”?'—but, at the same time, 
religious feeling can restrain itself, and sometimes even deliberately 
chooses to restrain itself from all associations of the kind. Accord- 


1 Loves to dwell amid fairies and talismans. 
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ingly, whatever the principal object of religions feeling in a particu- 
lar case may be, of that object there springs up a natural religion 
and also a supernatural religion, There have been two classes ef 
religions which have been couspicuous by their difference in the his- 
tory of mankind, On the one hand, there have been the religions 
which haye found their objects of worship principally in the sensible 
world, in physical phenomena, and in man considered as a physical 
phenomenon, On the other hand, there are the religions which con- 
template more what is intellectual and moral. The best example of 
the former class is classical paganism, which, as I pointed ont, was 
arrested in its development at the moment when it began to embrace 
the moral world; to the other class belong Judaism and Christianity. 
Now, both these forms of religion may be found connected with the 
supernatural and also unconnected with it. Classical paganism itself 
was a supernatural religion, The feelings excited in the Greek by 
the sight of a tree ora fountain did not end where they began, in 
admiration, delight, and love ; they passed on into miracle, The natu- 
ral phenomenon was transformed into a marvelous quasi-human be- 
ing, But the same feelings aroused in the mind of Wordsworth pro- 
duced a new religion of Nature not less real or intense than that of 
the ancients, but unconnected with the supernatural, He worships 
trees and fountains and flowers for themselves and as they are; if his 
imagination at times plays with them, he does not mistake the play 
for earnest. The daisy, after all, is a flower, and it is as a flower that 
he likes best to worship it. “ Let good men feel the soul of Nature 
and see things as they are.” In like manner moral religion has taken 
two forms. Judaism and Christianity are to a certain extent super- 
natural religions, but rationalistic forms of both have sprung up in 
which it has been attempted to preserve the religious prineiple which 
is at the bottom of them, discarding the supernatural element with 
which it is mixed. The worship of humanity, which has been spring- 
ing up in Europe since the middle of the last century, is in a like man- 
ner a religion of moral qualities divorced from the supernatural, 

If religion really accepts the supernatural even when its object. is 
only isolated physical phenomena or human beings, how much more 
so when its object is God, whether God be regarded as the Cause of 
the universe or as the universe itself considered as a unity! Our ex- 
perience of a limited physical phenomenon may be some measure of 
its powers; the antecedent improbability of its transcending in a par- 
ticular exse the limit which our experience had led us to put upon our 
conception of it may be very great. But who can place any limits to 
Nature or to the universe? We may indeed require rigid proof of 
whatever transcends our experience, but it is not only Orientals 
who say that “ with God all things are possible ;” the most scientific 
men are the most willing to admit that our experience is no measure 
of Nature, and that it is mere ignorance to pronounce @ priori any 
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thing to be impossible. Accordingly, those religions which have had 
for their object the unity of the universe, or what we call, pur ewcel- 
lence, God, as distinguished from gods many and lords many, have 
generally been most lavish of miracle. hey have delighted to be- 
lieve in whatever is most improbable, because by doing so they seemed 
to show how strongly they realized the greatness of their Divinity. 
Credo quia inpossibile is a paradox specially belonging to the religion 
of God. But, on the other hand, there is nothing in this religion that 
requires the miracnlous. Those who realize the infinity and eternity 
of Nature most, and who are most prepared to admit that nothing is 
impossible, may quite well believe at the same time that the laws of 
Nature are invariable, and may be as skeptical as the most narrow- 
minded slaves of experience about particular stories of miracle that 
come before them, Indeed, there is pereeptible, both in Judaism and 
Christianity, along with the fullest and readiest belief in miracle, a 
certain contempt for those who attach much importance to such ocea- 
sional exceptions to general law. Prophets and apostles and Christ 
himself believe one and all that God can and does, at his pleasure, 
suspend ordinary laws; they believe this as a matter of course, and 
with a kind of wonder that any one can doubt it; but they hold it 
rather as a matter of course than as a matter of mueh importance— 
though they may hold a particular suspension of law to be very im- 
portant for the light it throws on the Divine will; and it is evident 
that the God of their worship is rather the God who habitually main- 
tains his laws than the God who oecasionally suspends them. As 
therefore we found that the physical religion which in paganism ex- 
isted along with a belief in the supernatural appeared elsewhere 
divorced from it, and that the Christian religicn of humanity reap- 
peared in modern religions divorced from miracle, so we may expect 
to find somewhere a purely natural religion of God. 

Thave before asserted that modern science, however coutemptu- 
ously it may reject the supernatural, has nevertheless both a theology 
and a God, It has a God beeanse it believes in an Infinite and Eter- 
nal Being; it has a theology because it beheves in the urgent neces- 
sity of obeying his laws and in the happiness that comes trom doing 
so. Is it not equally true that it has or may have a religion? If re- 
ligion be made of love, awe and admiration, is not Nature a proper 
object of these as well as of scientific study ? 

It will be said that the religion of God thus understood is intel- 
ligible enough, but has no character of its own by which it may be 
differenced from the physical and moral religions deseribed above. 
When we admire a flower we are worshiping Nature, but this is 
paganism stripped of the supernatural, or Wordsworthianism, When 
we admire justice or self-sacrifice in auy human being, we are again, 
after the explanation given above, worshiping Nature, but this is 
Christianity stripped of the supernatural, or the modern religion of 
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humanity. Now, what third kind of religion can there be unless we 
introduce a third or supernatural order of beings? I answer that the 
natural religion of God, though closely connected with both of these 
religions, is nevertheless clearly distinct from them. Its material is 
certainly the same; it contemplates the same phenomena and no 
others, but it contemplates them in a different spirit and for a differ: 
ent purpose. The object which excites its admiration may be, as in 
the former case, a tree, a flower, the sky, or the sea, bnt the admira- 
tion, when aroused, goes beyond the objeet which aroused it, and 
fixes upon a great unity, more or less strongly realized, in which all 
things cohere, It is thus that the view which the man of science 
takes of any natural object differs from that taken by an uncducated 
man, The admiration of the latter is, as 1t were, pagan. It ends in 
the particular form and color before it. It sees nothing in the object 
bnt the object itself. But the eye of science passes cutirely beyond 
the object and sees the law that works in it; instead of the individual 
it sees the kind, and beyond the kind it sees higher unities in endless 
scale, What it admires is also in a sense Nature, but it is not Nature 
as a collective name for natural things, but Nature as the unity of 
natural things, or, in other words, God. Similar, with feelings less 
distinct but probably stronger, is the contemplation of Nature in 
ancient Hebrew poetry, which, when it surveys the great phenomena 
of the world, instead of considering each by itself in succession, in- 
stinetively collects them under a transcendent unity. Instead of 
saying, “ How spacious the floor of ocean, how stately the march of 
the clouds across heaven, how winged the flight of the wind!” the 
Hebrew poet says, “JVho layeth the beams of his chambers in the 
waters, who maketh the clouds his chariot, and walketh upon the 
wings of the wind.” 

We see, then, that human admiration, when it organizes itself in 
religion, may take three forms and not two only. Not only may it 
fix itself almost exclusively upon sensible phenomena and become 
paganism, or turn away from the sensible world to contemplate moral 
qualities as in Christianity, but also it may fix itself not upon the phe- 
nomena themselves, but upon a unity of them. ‘The simplest form of 
this religion of unity is, I suppose, Mohammedanism, which not only 
contemplates a unity of the world, but takes scarcely any interest in 
the phenomena themselves, the umity of which it contemplates. Lost 
in the idea of the greatness of God, it loses its interest in the visible 
evidences of his greatuess ; bnt in most eases this religion of unity is 
combined with one or both of the other religions. The unity wor- 
shiped is not an abstract unity, but a nnity either of the physical or 
of the moral world, or of both. Jn paganism the physical world is 
not worshiped simply for itself, but a feeble attempt is made to estab- 
lish some unity among its phenomena by setting up a supreme Jove 
over the multitude of deities. In the moral religions the tendency to 


SKETCH OF DR. JOHN W, DAWSON. 231 


unity is still stronger, so much so that it may seem wrong to class, as 
we have done, Judaism and Christianity among religions of humanity 
rather than religions of God. They are,in fact, both at once, and the 
former at least is primarily a religion of God,and only secondarily a 
religion of humanity. It is because the worship of humanity in them, 
rather than the worship of Deity, determines their specific character, 
because they conceive Deity itself as a transcendent humanity, or as 
united with humanity ; it is not because Deity plays a less, but be- 
cause humanity plays a more prominent part in them, that I have 
chosen to name them rather from humanity than from Deity. 

When, therefore, modern systematizers, in endeavoring to organize 
a religion which should exclude the supernatural, have extracted out 
of Christianity a religion of humanity, and have rejected as obsolete 
whatever in it had relation to Deity, they have not been wrong in 
taking what they have taken, though wrong in leaving what they 
have left. Deity is found in other religions besides Christianity, and 
in some religions, e. ¢., in Islamism, is not a whit less prominent than 
in Christianity ; what is characteristic of the Christian system is its 
worship of humanity. How great a mistake, nevertheless, is made 
when it is supposed that Deity ought to be removed out of our reli- 
gious systems, or that the rejection of supernaturalism in any way 
involves the dethronement of Deity or the transference to any other 
object of the unique devotion due to him, I shall show immediately ; 
but what I have said about those inferior forms of religion which have 
not God for their object suggests another observation before we pass 
to consider the religion of God. 
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OUN W1ILLIAM DAWSON was born at Picton, Nova Scotia, in 
1820. He received his carly acadeinic training in the College of 
Pictou. Here, in addition to the regular course of study, he investi- 
gated with great success the natural history of his native province, 
thus early manifesting a taste for original scientific inquiry. 

Ulaving finished his course at Picton, he entered the University of 
Edinburgh. After a winter’s study he returned to Nova Scotia, and 
devoted himself with ardor to geological research, He was the com- 
panion of Sir Charles Lyell during his tour in Nova Scotia, in 1842. 

In the autumn of 1846 he returned to the University of Edin- 
burgh, his special objects of study being new practical chemistry and 
other subjects, of which he had found the necessity in the original 
work in which he was engaged, 

In 1850 he was appointed Superintendent of Education for Nova 
Scotia. This office he held for three years, and rendered valuable ser- 
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vice to that province at a time of special interest in the history of its 
schools and educational institutions. IIe also took an active part in 
the establishment of a normal sehool in Nova Scotia, and in the regu- 
lation of the affairs of the University of New Brunswick, as a member 
of the commission appointed by Sir Edmund Mead for the purpose. 

In 1855 he was ealled to the position which he still holds, that of 
Principal and Professor of Natural History in MeGill College and 
University, an institution whieh, situated in Montreal, the commereial 
capital of Canada, draws its students from all parts of the Dominion. 
The university has prospered under his wise and liberal management 
beyond the most sanguine expectations of its friends and promoters. 

The raising of MeGill College to its present position would have 
been work cnough in itself for these years, but in addition to this Dr. 
Dawson has had under his eare the Protestant Normal School. From 
his position there he has hada great deal to do with the moulding 
and controlling of the school system of the country. After many 
years’ fuithful work, he withdrew (in 1870) from this office. 

Ilis special work in connection with the university and the normal 
school took up much of that time which would have otherwise have 
been devoted to original investigations in his favorite science. 

A review of his more important scientific labors will show us how 
much may be done even in the midst of engrossing educational ocenpa- 
tions. As early as 1830 Dr. Dawson began to make collections of the fos- 
sil plants of the Nova Scctia coal formation. In 1841 he contributed 
to the Wernerian Society of Edinburgh his first scientific paper, on the 
species of field-mice found in Nova Scotia. In 1843 he communicated 
a paper on the roeks of Eastern Nova Seotia to the Geological Soci- 
ety of London; this was followed in 1844 by a paper on the newer 
coal formation, In 1845, besides exploring and reporting on the iron- 
mines of Londonderry, Nova Scotia, he published a paper on the coal 
fossils of that province. 

During the winter of 1846~47, while studying in Edinburgh, he 
contributed to the Royal Society of that city papers on the “ Forma- 
tion of Gypsum,” and on the “ Bowlder Formation,” and an article to 
Jameson’s dinburgh Philosophical Journal, on the “ Renewal of 
Forests destroyed by Fire.’ The facts embodied in the last were 
subsequently employed by him in combating the exaggerated periods 
of time assigned to sueh ehanges by European geologists. 

From 1847 to 1849 we find him, with the same never-flagging zeal, 
pursuing his geological researches, and giving the results to the world 
in frequent papers, The most important of these are: 1. “On the 
Triassic Red Sandstones of Nova Scotia and Prince Edward Island ;” 
2. “On the Coloring Matters of Red Sandstones;” 3, “On Erect 
Calamnites found near Pictou;” 4, “On the Metamorphie Rocks 
of Nova Scotia.” Ile also published his “ Handbook of the Geogra- 
phy and Natural History of Nova Scotia,” and delivered courses of 
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lectures on natural history and geology in the Picton Academy, and 
in Dalhousie College, Ualifux, and reported to the Nova Scotia Gov- 
ernment on the coal-fields of Southern Cape Breton. 

In 1852, in eompany with Sir Charles Lyell, he made a reéxami- 
nation of the Joggins section, and visited the remarkable deposit of 
Albertite at Hillsborough, New Brunswick. A paper soon appeared 
on the Joggins seetion, giving a more ful exposition than any previ- 
ous one of the structure and mode of formation of a coal-field. The 
Albert Mine was also made the subjeet of a paper, Jn the further 
study of the Joggins section, microscopic examinations were made of 
coal from all its beds, as well as of coal from other sources, the results 
being published in papers on the “Strnetures in Coal,” and on the 
“ Mode of Aecumulation of Coal.” 

Tt was during the visit to the Jogeins, just referred to, that the 
remains of Dendrerpeton cleadianwn und Pupa vetusta were found. 
With the exception of Buphetes pluniceps, which Dr. Dawson had 
diseovered the year previous at Pieton, but not deseribed, Dendrer- 
peton Acadianum was the first reptile found in the coal formation of 
America, while Pupa vetuste was the first known Paleozoic land- 
snail, These diseoveries were followed by the finding and deseribing 
of several other reptiles, and of the first carboniferons imillipede 
(Xylobius sigillariv). About this time, also, a second report on the 
Aendia mines was prepared, and an elaborate series of assays of coal 
made for the General Mining Association, 

Ta 1855 he published the first edition of his “ Acadian Geology.” 
In 1856, though now trammeled by the arduous duties incumbent 
upon the principal of a university, he still continued his geological 
work ip lis native provinee, and prepared a description of the Silu- 
rinn and Devonian rocks. During the same suminer he visited Lake 
Superior, and wrote a paper and report on the copper-regions of Ma- 
miinse aid Georgian Bay. 

In the two following years he made a number of contributions to 
the Cunadiun Naturalist and the Journal of the Geological Society, 
and commenced the study of the Post-pliocene deposits of Canada, 
In 1859 his “ Arehaia,” or studies of creation in Genesis, appeared, 
a work showing not only a thorough knowledge of uatural history, 
but also considerable familiarity with the Hebrew langnae. 

In 1860 Dr, Dawson issued a suppleinentary chapter to his “Aea- 
dian Geology.” He also continued his work in fossil botany, and in 
the Post-pliocene, publishing several papers on these subjects, as well 
as desultory researehes on such subjects as the “Flora of Mount 
Washington,” “ Indian Antiqnities at Montreal,” “ Marine Animals 
of the St. Lawrence,” “ Earthquakes in Canada,” ‘ Classification of 
Animals,” ete. 

In 1863 he issued his “ Air-Breathers of the Coal Formation,” a 
complete account of the fossil reptiles and other land animals of the 
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coal of Nova Scotia. This publication was followed, in 1864, by a 
“ Ylandbook of Scientific Agriculture.” It was in 1864, moreover, that 
Dr. Dawson made what may be considered as one of the most impor- 
tant of his scientifie discoveries—that of Lozoon Cunadense. Previ- 
ous to this the rocks of the Laurentian age were looked upon as de- 
void of auimal remains, and called “ Azoice.” 

In 1865 Dr. Dawson, at the meeting of the British Association at 
Birmingham, gave illustrations of lis researches on the “ Snecession 
of Paleozoic Floras,” the “ Post-pliocene of Canada,” and the “ Strnet- 
ure of Kozoon.” 

While in England, in 1870, Dr, Dawson lectured at the Royal In- 
stitution, Te also read a paper on the “ Affinities of Coal Plants” 
before the Geological Soviety, and one on the “ Devonian Flora” be- 
fore the Royal Society. The same year his “ Handbook of Canadian 
Zoblogy ” appeared, being followed in 1871 by a “ Report on the Si- 
lurian and Devonian Flora of Canada,” and a “ Report on the Geo- 
logical Structure of Prinee Edward Island.” His studies of the De- 
vonian plants were begnn as early as 1858, and Gaspé, St. John’s, and 
Perry in Maine, were twice visited in order to collect material to aid 
in their pursuance. 

Ths “ Notes on the Post-pliocene of Canada” were published in 
1873. From them we learn that the nnmber of known species of Post- 
phocene fossils had been raised principally by his labors from about 
thirty to over two hundred. We also find that Dr. Dawson is still 
what he has always been, a stanch opponent to the theory of gen- 
eral land glaciation. ‘The Story of the Earth and Man,” issued last 
year, was a republication of papers published in the Zeésure Hour in 
1871 and 1872, A report on the “Fossil Flora of the Lower Carbo- 
niferons Coa] Measures of Canada,’ and communications to the British 
Geological Society on the probable Permian age of beds overlying 
the coal-measures of Nova Scotia, and also occurring in Prince Ea- 
ward Island, and on recent facts as to the mode of ocenrrence of 
Eozoon in the Lanrentian rocks, are still more recent labors. A 
course of six lectures delivered in New York in the winter of 187475 
has been largely cirenlated both in America and Engtand, under the 
title “Seience and the Bible;” and last fall there appeared in London 
and New York a popular illustrated réstané of the facts relating to 
Eozoon and other ancient fossils, entitled “The Dawn of Life.” At 
the Detroit meeting of the American Association, Prof. Dawson, as 
Vice-President of Section B, delivered an address in which he vigor- 
ously combated the doctrine of evolution. 

Dr. Dawson was elected a Fellow of the Geological Society of 
London in 1854, and of the Royal Society in 1862. He is a Master of 
Arts of Edinburgh, and Doctor of Laws of McGill; and is an hon- 
orary or corresponding member of many of the scientific societies on 
both sides of the Atlantic. 
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ON “GERMAN DAR- 
WINTS ML” 


THE NATION 
OME months ago a correspondent | 
asked the Nation what were the 

best books to read on the theory of 
evolution. It replied, and seized the 
oveasion to draw a contrast unfavor- 
able to TTerbert Spencer, whose books 
on that subject, it took pains to say, 
it did sof recommend. In a more 
recent review of two books under 
the title of ‘German Darwinism,” 
the same writer came forward and re- 
affimned the positions of the former 
article, amplified the disenssion, and 
continued to refer to Mr. Spencer in 
terms of contemptuous disparagement. 
More recently, in a eulogistic sketch of 
the character of the late Chauncey 
Wright, of Cambridge, the Yation rec- 
ognizes him as the “great mind” of 
the town, and informs us that he was 
the author of the article on “ German 
Darwinism.” This was no news to 
many. A few years ago it was quietly | 
given out from Cambridge that the pre- 
tensions of Mr. Spencer were to be 
once for all disposed of by Chauncey 
Wright, who would do the work in the 
North American Review. The on- 
slanght was made, but, from divers in- 
dications, both at home and abroad, it 
seems to have failed of its intended ef- 
fect. But Mr. Wright appears to have 
regarded it as his permanent function 
to put down this philosopher, and ac- 
cordingly the last literary act of his 
life was another attempt to demolish 
him. It looks almost like a Cambridge 
fashion for its great men to die in their 
antipathies. The article on “ German 
Darwinism,” from its misleading char- 
acter and its appearance in the Nation, 
was entitled to an answer; but this is 
still more necessary, now that its au- 
thorship is announced in connection 
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with very high claims put forth for the 
author. It is still further provocative 
of reply, as, upon careful perusal, it 
will be found to throw very little light 
indeed upon ‘German Darwinism ;” 
that topic being used mainly as a con- 
venient means of reviving and repoint- 
ing the writer’s old charges against 
Spencer. We have no desire to pursue 
this topic ; but, as long as such charges 
are conspicuously and authoritatively 
made, they must be answered. 
Referring first to the most trivial, it 
is insinuated that the system of Mr. 
Spencer has a footing with “ English- 
thinking readers” only; while in fact 
yarious of his works are translated into 
Italian, German, Ilungarian, Dutch, 
Russian, and French, and nearly all of 
them into the latter langnages. Sever- 
al of the translations, moreover, have 
been made by eminent philosophical 


_ scholars, and it is fairly to be presumed 


that their continued reproduction in 
foreign countries is due to a demand 
for them. 

In noticing Schmidt’s German work 
on “Darwinism and Descent,” the 
writer makes a point against Mr. Spen- 
cer by stating that he is nowhere named 
in it. Gegenbaur had done the same 
thing in his great work on “ Compara- 
tive Anatomy,” and he was reproached 
by Prof. Rolleston in the lcudemy tor 
giving no account of Spencer’s ‘“ Biol- 

” which made his work defective. 
There are various reasons why the Ger- 
mans have been slow to reeognize Mr. 
Spencer’s ideas. They are embodied 
in a “system of philosophy,” and hy 
philosophy the Germans understand 
only speculations like those ot Kant, 
Hegel, and Schelling, They have no 
conception of a philosophy organized 
out of science, and their biologists do 
not dream of finding the development 
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of species scientifically dealt with in a 
philosophical system. Understanding 
philosophy as the Germans do, and be- 
ing wedded to their @ prior? system, 
they have habitually sneered at ‘ Eng- 
lish philosophy,” and theretore pay lit- 
tle attention to its new books. Again, 
they are greatly given to titles of all 
orders, political, social, scientific. Ev- 
ery man is jealous of his distinctions— 


they glory in their “jewels five words | 
| aphysies 
they think nothing of a man without | 


long,’ as they have been called. Ilence 


scientific titles, and it is beyond their 


imagination that any one should refuse | 


them. Mr. Speneer was, therefore, 
withont due passports to German con- 
sideration, But against the fact that 
Sehmidt has ignored him, we may put 
the fact that the translation of ‘ Virst 
Principles” into German was made at 
the instigation of Darwin’s chief Ger- 
man disciple, Ilaeekel, and was made 
by his assistant, Dr. Vetter. 

Mr. Darwin is made ont to be un- 
theological by an exquisite bit of logic. 
It is true that he appeals to supernatu- 
ralism for the starting-point of lis doc- 
trine, and gives exactly the same ac- 
eount of it that theology has always 


offered, speaking of “lite with its sev- | 
eral powers having been originally | 


breathed by the Creator into a few 
forms, or into one.” But Mr, Darwin's 
science is saved by the charitable im- 


putation that le used these words in a | 


sort of Pickwickian or poetical sense, 
and was willing to conciliate the theo- 
logians by ‘a slight difference of style” 
in referring to the origin of life. But 
when to an extensive series of exposi- 
tory works, treating of the course of 
Nature by rigorous scientific method, 


Mr, Spencer prefixes an essay of a | 


hundred and odd pages, to clear away 
religions ditliculties and protect him- 
self from the imputation of material- 
ism, which was sure to be made against 
his scientific labors, there is neither 
kindly feeling to see the propriety of 
such a course, nor even a sense of jus- 
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tice to recognize the fact; but the 
whole system is deelared to be theo- 
logical in origin and character, because, 
forsvoth, the author put theology aside 
at the outset of bis undertaking, 

We here touch upon the main source 
of misunderstanding of Mr. Spencer's 
system. The preliminary part which 
treats of religion is necessarily meta- 
But Mr. Spencer does not 
regard religion as an illusion, nor met- 
as necessarily futile. IIe 
holds that the order of the universe is 
not without its cause, althongh the na- 
ture of that cause is a mystery past 
finding out, and from the very nature 
of intelligence must forever transcend 
the human understanding. The infi- 
nite source of things is usually called 
God, and there are many who hold 
that man can have a knowledge of Gud 
as of other things; Mr. Spencer de- 
clines to use the enrrent term; and, to 
mark his own sense of humility toward 
that infinite cause or power of which 
all phenomena are manitestations, he 
prefers employing the term The Un- 
knowable. What is represented by it 
isnot a negation or a nothing, but the 
most exalted object of religious feel- 
ing, though beyond the grasp and analy- 
sis of intellect. Having defined his . 
ground in this preliminary dissertation, 
and shown that science deals with the 
phenomenal, while religion relates to 
that which transcends the phenome- 
nal, so that there can be no radical or 
fundamental conflict between them, he 
then proceeds to his great work of or- 


physical. 


| ganizing the highest and most certain 


knowledge attainable of the phenome- 
nal universe into a system of philoso- 
phy. That system must be judged in- 
trinsically, or on its own merits, as a 
coherent and consistent body of de- 
monstrable and verifiable truth ; yet his 
eritics, from unscrupulous motives—re- 
senting his assumption in undertaking 
so immense a task, or from incapacity— 
getting swamped among the factors of 
a great discussion, have a habit of rep- 
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resenting hin as basing his philosophi- 
cal system on metaphysical speculations 
regarding the Unknowable, and as the 
author of an unknowable plilosuphy. 
The article on “German Darwinism ” 
rings many changes on this gross mis- 
representation. 

The writer says that evolution is 
regarded by Darwin ‘‘as a theorem of 
natural history,” while Mr. Spencer 
treats of evolution “as a plilosophical 
thesis deductively, and as a part of a 
system of metaphysics; * and further- 
more, “a systein like Mr. Spencer's is 
obliged to stand on such positions,” 
namely, “undemonstrated — beliefs.” 
Again, he says, ‘ Evolution is, with Mr. 
Spencer, not a theorem of inductive 
science, but a necessary truth deduced 
from axioms.’? These statements—is 


it not almost needless to say it?—are | 


altogether groundless. Mr. Spencer's 
system never could have taken the hold 
of the cultivated scientific mind of half 
a dozen nations in the present age, 
which it econtfessedly has, if the above 
characterization of it were true. Speak- 
ing of an important research of My. 
Spencer, the President of the Royal 
Society of London, when addressing 
the British Association, said: “I need 
dwell no further on it here than to 
quote it as an example of what may be 
done by an acute observer and experi- 
mentalist, versed in physics and chem- 
istry, but above all thoroughly instruct- 
ed in scientifie methods.” Testimony 
like this, that Mr. Spencer, whatever 
may be his shortcomings, is a master 
of scientific methods, might be accu- 
mulated to any extent. Is it probable 
or conceivable that a man so thorough- 
ly equipped for their use should repn- 
diate the sound and solid methods of 


science, and fly off into baseless specn- | 


lation when dealing with the most 
comprehensive and important scientific 
problem of our time? The thing is 
absurd unless it is proved, and the au- 
thor of “German Darwinism” stops 
with mere dogmatic assertion. 
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We aver, on the other hand, that 
the seope of Mr. Spencer’s great argu- 
| ment for evolution is only equaled by 
, the fidelity and completeness of his ad- 
herence throughout to the established 
canons of scientific inquiry, and his 
| reputation as a master of true logical 
| method is beyond doubt mainly due to 
| his practical application of it in the 
construction of his system. In “ First 
Principles” the law of evolution is 
placed upon the most compreliensive 
inductive basis; and, if we go back to 
the earlier enunciation of his views, we 
find the Jaw propounded with no refer- 
ence whatever to metaphysical specula- 
tions. The original form of the concep- 
tion and the order of its development 
are seen in the essay on ‘ Progress, its 
Law and Cause.” There is here not a 
word of metaphysics, not a word imply- 
ing the endeavor to derive the phenom- 
| ena from the persistence of force, not a 
shadow of foundation for the alleged the- 
| ologico-metaphysical origin of the doc- 
trine. The first part of the essay is 
devoted entirely to establishing the in- 
duction, from all orders of phenomena, 
that every thing progresses in heteroge- 
neity ; and then, the inducticn having 
been established as universal, the sec- 
ond part of the essay is an inquiry into 
the dynamical law which determines it 
in all cases. This second part sets out 
thus: ‘And now from this uniformity 
of procedure may we not infer some fun- 
| damental necessity whence it results? 
May we not rationally seek for some 
all-pervading process of things? Does 
not the universality of the Jae imply a 
universal cause?” And then the course 
of the argument is, first, to show that 
the cause alleged, the multiplication of 
effects, affords a deductive interpreta- 
tion of the induction previously estab- 
lished. Are we to be told that this is 
an illegitimate scientific procedure? 
The author of “German Darwin- 
ism” pronounces Spencer unscientific 
and unbaconian, beeause he employs 
the deductive or @ priori method. But 
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is not that the method in which science 
finds its completion? Did it weaken 
the induction made by Mr. Speneer, to 
show that the facts are dedueible from 
a general law in the redistributions of 
matter and motion? Was the induction 
made by Kepler respecting the laws of 
planetary motion weakened when New- 
ton proved those laws to be deducible 
from the law of gravitation? If so, 
then truths are scientific only so long as 
they remain empirical generalizations, 
and become unscientific when they are 
rednced to the form ot rational gener- 
alizations. In pursuance of this view 
we nay say that, so long as the geomet- 
rieal truth, that the square of the hy- 
pothenuse of a right-angled triangle is 
equal to the squares of the other two 
sides, is recognized as experimentally 
true, it constitutes a part of real sci- 
ence, but that it becomes metaphysical 
and worthless when it is shown to fol- 


low inevitably from necessary axioms | 


and postulates. The strietures of the 
author of “German Darwinism,” lev- 
eled at Spencer as an @ prioré thinker, 
thus spend their force against complete- 
ness of scientific method. The reproach 
cast upon him could have had no pos- 
sible ground, if in elucidating the law 
of evolution Mr. Spencer had left it in 
the forin of a generalization based upon 
all orders of phenomena—astronomical, 
geological, biological, psychological, and 
sociological—that is, if he had left the 
work half done. But when the law is 
explained, or when the universal course 
of transformation is shown to resnit 
from certain universal laws of physical 
action—laws which are themselves in- 
duetively established before they are 
deductively applied—then Mr. Spencer 
is to be discredited as a mere speculat- 
ing metaphysician. It is now admitted 
as a principle—a universal principle— 
that force can 
nothing nor disappear into nothing. It 
is “conserved,” say some physicists; 
* says Mr. Spencer, and its 
The 


it ‘ persists, 
persistence is an ultimate truth. 


neither come out of | 


THE POPULAR SCIENCE MONTHLY. 


laws of physical action which result in 
evolution, undeniable as they severally 
are, are shown by Mr. Spencer to be all 
corollaries from this ultimate trath. 
They are established by induction, they 
are explained and verified by proving 
that they are consequences of a univer- 
sal principle; therefore Mr. Spencer is 
metaphysical and unscientific, 

The Nation declares that “there is 
nothing in Spencer’s writing relating to 
what is really honored by men of sci- 
ence (namely, the scientific explanation 
of the origin of species) that is not to 
be credited either to Lamarck or Dar- 
win.” Lamarck is to be credited with 
the sagacious perception, and the con- 
rageous avowal, in opposition to Cuvier 
and the whole science of his time, of 
the doctrine of the variability of species, 
and the thinness of the partition be- 
tiveen species and varieties. He saw 
many facts that led him to deny the 
Cuverian dogma of the fixity of species, 
and he had a strong conviction that 
their variation was in some way con- 
nected with surrounding conditions. 
That is, Lamarek has the great merit 
of having perceived the nature of the 
biological problem that was yet to be 
solved, but lhe can hardly be said to 
have entered upon its solution. Mr. 
Darwin is to be credited with the sa- 
gacious working out of one of the con- 
ditions of that problem, namely, the 


fs . . soe 
influence of natural selection in giving 


rise tu the diversities of species. But 
the achievements of both Lamarck and 
Darwin only bring us to the threshold 
of the great general qnestion of which 
they form a part. If their positions 
are held to be valid, they simply open 
the door to a new and immense scien- 
tific investigation which has for its ob- 
ject to determine the conditions, pro- 
cesses, and causes of evolution. That 
natural selection is not evolution, but 
only one of its elements, and that Mr. 
Darwin has never engaged in the inves- 
tigation of evolution in its general prin- 
ciples as Science is bound to consider it, 
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we have shown again and again in these 
pages. Mr. Spencer, therefore, under- 


took no iNegitimate or supertluous task | 


in devoting many years to evolutionary 
researches. If the work of Darwin 
and other biologists was not futile, the 


eed ieee | 
larger inquiry was imminent and lay 


straight in the path of progressive sci- 
ence. Mr. Spencer undertook it, and the 
language of the Nution implies that in 
his contributions to it there is nothing 
that isreally honored by men of science. 
To this dictum we give a flat contra- 
diction, and, if space allowed, we could 
weary our readers with the copious 
evidence that eminent men of science 
honor the work of Spencer by accept- 
ing his results as guides to their own 
investigations. Let one illustration sut- 
fice: Mr. Alfred Russel Wallace, one of 
the independent discoverers of the prin- 
ciple of natural selection, in his address 
as President ot the Anthropological So- 
ciety of London, in 1872, referred to a 
view propounded by Mr. Spencer on 
biological evolution as “ one of the most 
ingenious and remarkable theories ever 
put forth on a question of natural his- 
tory.’ Nor did he stop with turning a 
mere compliment. He went ou to say: 
* More than six years ago Mr. Herbert 
Spencer published, in his ‘ Principles of 
Biology,’ a view of the nature and ori- 
gin of the Annulose type of animals, 
which goes to the very root of the whole 
question; and, if this view is a sound 
one, it must so materially affect the 
interpretation of all embryological and 
anatomical facts bearing on this great 
subject, that those who work in igno- 
rance of it can hardly hope to arrive 
at true results. I propose, therefore, to 
lay before you a brief sketch of Mr. 
Spencer’s theory, with the hope of call- 
ing attention to it and inducing some 
of you to take up what seems to me a 
most promising line of research.” Of 
course there are plenty of scientific men 
who do not honor what Mr. Spencer has 
done and care little for what anybody 
has done outside of his own narrow 
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specialties. Iluman nature works in 
scientific men, it must be confessed, 
much as it does in other people, and they 
often exhibit petty jealousies toward 
each other that are a scandal to the 
scientific character. That fromm timid- 
ity, prejudice, and lack of interest in 
general ideas, many of them should de- 
cline to honor a broad and independent 
thinker like Spencer, is not surprising. 
But all scientific men are not of this 
elass. 

We again affirm that the task which 
Mr. Spencer accepted, of investigating 
the general prineiples of evolution, was 
one that stood clearly in the pathway 
of Science, and was not to be escaped. 
He was the first to grasp the full breadth 
of its implications, the first to analyze 
it into its elements, the first to organize 
its varied facts into a eoherent system, 
and make it the basis of a comprehen- 
sive philosophy of Nature. lis “First 
Principles,” containing the full exposi- 
tion of the doctrine, has now been be- 
tore the world thirteen years, and its 
essential positions have not yet been 
impugned. There has not been even 
an attempt to invalidate his proofs that 
the processes of universal change are 
from the homogeneous to the hetero- 
geneous. There has never been even 
an attempt to invalidate his universal 
principle of the ‘Instability of the Ho- 
mogeneous.” There has not been even 
an attempt to invalidate the principle 
of the “ Multiplication of Effects ;”? nor 
have his crities ever even tried to show 
that these great principles are not essen- 
tial and fundamental factors of evolu- 
tion; and until this is done they may as 
well hold their peace in regard to his 
elaims as an original explorer in this 
field. 

Finally, in his zeal to upset Spencer, 
the Nation's writer throws Bacon at 
his head, but he sadly misses his aim. 
It is now well understood that Bacon’s 
attempt to lay down the rules of scien- 
tifie pursuit was a signal failure. He 
tried his own rules in the investigation 
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of heat, without discovering any thing 
about it; he was grossly inappreeiative 
of the science and scientific nen of his 
day, rejecting the Copernican system, 
and negiveting the immortal researches 
of Harvey. It will Jiardly be believed 
that the .Viution’s critie quotes against 
Spencer one of the most unfortunate pas- 
sages that Bacon ever wrote: that in 
which he condenins the chemists of lis 
day for philosophizing “from a few ex- 
periments of the furnace,” and dispar- 
ages the work of the celebrated founder 
of the science of magnetism, Dr, Gilbert. 
Mr. Spencer can very well attord to be 
condemned with such company. What- 
ever weight, indeed, Bacon has as a phi- 
losopler must go into the other side of 
the scale. If le failed as a scientist, or 
in laying down the special rules of re- 
search, he did great service in calling 
men away from scholastic verbalism, 
and inciting them to the study of Na- 
ture; while there can be no doubt that 
he had great insight for comprehen- 
sive relations, and saw with the eye of 


prophetic genins the coming day when | 


human knowledge would be so per- 
fected and marshaled as to represent 
the unity and continuity of Nature. 
When Bacon is appealed to against 
Spencer, we say that if he had lived in 
our day, with the ripened sciences at 
command, it is not unlikely that he 
might have written “First Principles.” 
At all events, if his eminent German in- 
terpreter, Dr. Hans Fischer, is to be 
trusted, his mind ran very much in the 
sune direction of thonght. Tn his work, 
“Francis Bacon of Verulam,” Dr. Fis- 
cher says: ‘What in Bacon’s sense is 
the proposed Fundamental Philosophy 
(Philosophia Prima)? The mnity of all 
the sciences. Bacon seeks this nnity 
by the method of analogy. Not on di- 
alectical but on real grounds should the 
universal predicates of things (such as 
much and little, like and different, pos- 
sible and impossible, essential and con- 
tingent, etc.) be determined.” Again: 
“The very design of Bacon’s analogies 
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shows that he sought more than can be 
afforded by experience. He sought by 
this road what he could not diseover 
by that of induction alone, namely, the 
unity of Nature as manifested in the 
afiinity of all things, or the harmony 
of the universe.” 
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AnnvaL Report oF tne Boarp or REGENTS 
OF THE SwiTusonian [xsritetion, show- 
ing the Operations, Expenditures, and 
Condition of the Institution for the Year 
1874, Washington: Government Print- 
ing-Office, 1875. Pp. 416. 

WE had oceasion in the October number 
of THE PoruLar Science Montuxy to notice 
the last report of the Astronomer Royal of 
England, and to remark upon the great 
persistency with which “the fundamental 
idea” of the Royal Observatory had been 
followed out for forty years, and the great 
success which had attended its work. 

We have a no less remarkable instance 
of the intelligent, careful, and devoted fol- 
lowing ont of a well-eonsidered plan and 
of great sueeess, in the case of our own 
Smithsonian Institution, under the direc- 
tion of Prof. Henry and his most efficient 
seconders and collaborators. The Smithso- 
nian Institution was founded by James 
Smithson of England, “for the increase 
and diffusion of knowledge among men.” 
In the first annual report of the seeretary 
(Prof. Henry), for 1846, a definite ‘ plan of 
organization”? was proposed, which has 
been adequate to all the conditions which 
then existed and which have since arisen, 

It proposed in brief: “To iNcREASE 
Know ence: 1. To stimulate men of tal- 
ent to make original researches, by offering 


| suitable rewards for memoirs containing 


new truths; and, 2. To appropriate an- 
nually a portion of the income for particu- 
lar researches, under the direction of suita- 
ble persons, To pirruse Kxow ence: 1. 
To publish a series of periodical reports on 
the progress of the different branches of 
knowledge ; and, 2. To publish oceasionally 
separate treatises on subjects of gencral in- 
terest.” This plan has been devotedly 
earried out, and we propose to extract from 
Prof. Henry’s report for 1874 enough to 
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show in part how important and useful the 
work of the institution is, and how large a 
field it covers. 

In direct compliance with the pro- 
gramme above given, the institution publish- 
es three classes of works: first, the “ Contri- 
butions to Knowledge ” (quarto), which are 
memoirs ‘‘ containing some positive addi. 
tion to science resting on original research, 
and which are generally the result of inves- 
tigations to which the institution has, in 
some way, rendered assistance ;” secon, 
the “ Miscellaneous Collections” (octavo), 
which consist of works “ intended to facili- 
tate the study of branches of natural his- 
tory, meteorology, etce., and are designed 
especially to induce individnals to engage 
in these studies as specialties; éhird, the 
“ Annual Reports” (octavo) contain, besides 
the accounts of the operations, expendi- 
tures, ete., “translations from works not 
generally accessible to American students, 
reports of lectures, abstracts of correspond- 
- ence, ete.” These are liberally distributed 
free of cost to public libraries, institutions, 
colleges, States, and Territories, in such a 
way, and under such conditions, as_ shall 
secure them to be most generally aceessible 
and useful. No copyright has ever been 
secured on any of the publications of the 
Institution. They are left perfectly free to 
be used by the compilers of books and 
all other persons, on the express condition 
that due credit is to be given, not only to 
the author of the book, but to the Smith- 
souian Institution, This is eminently just, 
because in most cases the researches have 
been prosecuted with the aid of funds from 
the Smithson bequest. The publications 
for 1874 have been Volume XIX. of the 
“Contributions to Knowledge,” which con- 
tains the results of three most important | 
researches: 1. On Problems of Rotary 
Motion, by General J. G. Barnard, pp. 74. 
2. On Fresh-water Algae, by Prof. H. C. 
Wood, pp. 274, 21 colored plates. 3. Orbit 
and Tables of Uranus, by Prof. 8. New- 
comb, pp. 296, 

Besides this, the eleventh and twelfth 
volumes of the ‘“ Miscellaneous Collections ”’ 
have been issued, containing nine contribu- 
tions: On the Families of Mammals and 
Fishes, by Dr. Theodore Gill; On the 


Diptera of North America, by H. Loew ; 


VOL. Vi1l.—16 
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; Directions for eollecting and preserving 


Insects, by Dr. Packard; two papers on 
Coleoptera, by Dr. Johu Le Conte; Re- 
view of American Birds, by Prof. Baird; 
On the Constants of Nature, Part [, 
boiling - points, specific gravities, ete., by 
Prof. Clarke (noticed in Tue PopuLar Sc1- 
ENCE MonTHLY, August, 1874); and Rules 
for the Telegraphic Announcement of As- 
tronomical Discoveries, by Prof. Henry. 
Several of the separate memoirs which will 
make up Volume XX. of the “ Contributions 
to Knowledge ” have already been printed 
and distributed: 1, On the General In- 
tegrals of Planetary Motion, hy Prof. New- 
comb; 2. Ou the Haidah Indians of Queen 
Charlotte Islands, by James G. Swan. At 
the time of making the report, there were 
in the press, and intended for the quarto 
publications: 1. The Antiquities of Ten- 
nessee, by Dr. Joseph Jones; 2. The ITar- 
monies of the Solar System, by Prof. 8. 
Alexander (noticed in THE PoptLar Sci- 
ENCE Montuty for September, 1875); 3. 
The Winds of the Globe, by the late 
Prof. J. WI. Coffin; 4. The Temperature- 
Tables of North America, by C. A. Schott. 
There were also in the press a monograph 
of American Wasps, by Prof. de Saussure, 
of Geneva, and a botanical index to all 
known American species of plants. 

For many years the Smithsonian Insti- 
tution had a large corps of volunteer me- 
teorological observers distributed all over 
the United States, who forwarded their re- 
ports for discussion to Washington. These 
observers have been transferred to the 
United States Signal Burean of the War 
Department, to whom tliir reports are now 
furnished. But an immense amount of 
valuable meteorologieal material has aceu- 
mulated at the Smithsonian Institution, 
which is to be discussed and published. 
The first work of this series, on ‘“‘ Rainfall,” 
has already been printed, the discussion of 
the observations having been done by Prof. 
Schott, of the Coast Survey. The secoud 
volume, on the “ Winds of the Globe,” by 
Prof. J. H. Coffin, and continued by his 
son and by Dr. Woeikof, will be published 
in 1875. The next work of the serics treats 
of the “Temperature of the United States,” 
and will also be published during this year, 
{t deals with all available observations of 
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temperatiue in the United States from the 
earliest times to the present: these have 
been discussed by Prof. Schott, aided by 
computers paid from the Smithson fund. 
Still another work of this series is in prog- 
ress on the “Geographical Distribution of 
Thunder-Storms,” and another work will 
soon be commenced on the deductions from 
barometrical observations in the United 
States. 

The Institution is also aiding in a re- 
search on the orbit of the periodic eomet 
of Tuttle (time of revolution thirteen years), 
proseeuted under the direetion of Prof. 
Stone, An investigation into the efficiency 
of steam-heaters has been aided by the 
Institution during the year. 

“The diffusion of knowledge among 
men” is powerfully aided by the Smith. 
sonian system of exchanges. The Institu- 
tion is in correspgndence with more than 
two thonsand institutions, whose publica- 
tions, ete., it distributes in this country, and 
to whom it forwards works relating to sei- 
entific and literary advanecs in America. 
As is said by the secretary in his report, 
“the effect of this system on the diffusion 
of knowledge eannot be too highly esti- 
mated,” The exchanges in books and 
pamphlets alone amount to 5,546 in 1874, 
and these are deposited in the Library of 
Congress, where they are available for re- 
search. The telegraphic announcements of 
astronomical discoveries in Europe and 
Ameriea have been in operation since 1873, 
and are of the highest benetit to astronomi- 
cal seience. St asteroids and six eomets 
were so announeed in 1874. 

The National Museum is deposited in the 
building of the Institution, and is under the 
care of Prof. Baird, Assistant Seeretary. 
Constant additions are yearly made to it 
from all parts of the world, and all sourees 
are laid nnder contribution. Mr. P. T. 
Barnum gives to the institution all animals 
which die in his menagerie, and Mr. Black- 
ford, of Fulton Market, New York City, 
selects, from the thousands of fish which 
come weekly into his hands, all rare and 
eurious ones, whieh are at onee sent in ice 
to the museum. There is, indeed, no part 
of the globe from whieh contributions are 
not received. All the War Department and 
other surveys in the West, the Navy Depart- 
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ment surveys and exploring expeditions, the 
State Department Boundary Survey, and 
many other collectors, deposit the results of 
their work here, where they are diseussed 
and elaborated. The museum furnishes also, 
from its duplicates, specimens for study to 
specialists who desire them. Hts collections 
of insects, ete., are deposited with the De- 
partment of Agriculture, and exchanges are 
constantly kept up with this and other in- 
stitutions. The United States Fish Com- 
mission may be almost eonsidered as a part 
of the Institution; the valuable results 
which have already accrued from its sci- 
entifie and energetic labors are too well 
known to need more than a mention. 

The secretary of the Institution has for 
twenty years been a member of the Light- 
house Board, and is now its chairman, and 
to this connection Science owes the exten- 
sive series of experiments on sound in its 
relation to fog-signals, which are published 
in the appendix to the light-house report 
for 1874. 
ments will undoubtedly be a guide for all 
governments in their choice of a method 
of fog-signaling. 

Besides the valuable report of the see- 
retary, of which the above is an abstract, 
there are given: Eulogies on Laplace, 
Quetelet, and De la Rive, by Arago, Mailly, 
and Dumas; a lecture on Tides and Tidal 
Action in Harbors, by Prof. Hilgard ; 
Observations of Atmospherie Eleetricity 
and Aurora, by Lemstriém; an essay on 
a Dominant Language for Science, by De 
Candolle ; Underground Temperature, by 
Schott and Everett ; The North Carolina 
Earthquakes, by Du Pre and Henry; 
Warming and Ventilation, by Morin; and 
several short communications on Ethnology. 
All of these translations and memoirs are 
interesting aud valuable, and many of them 
deserve a special review, but we must be 
content to notiee how carefully they are se- 
leeted to aid in the diffusion of information 
not generally accessible. 

Enough has been given to show that the 
closing words of the secretary’s report are 
but a mere statement of present facts: 
“The Institution is successfully prosecut- 
ing the plan adopted for realizing the be- 
nevolent intention of its founder, in the way 
of increasing and diffusing knowledge 


The results from these experi- 
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among men; its funds are again in a pros- 
perous condition, and its reputation and 
usefulness are still on the increase.” 

The adoption of a wise and well-consid- 
ered plan and a steady adherence to “ the 
fundamental idea” have resulted in this 
instance, as they will result in all, in last- 
ing and permanent good and in brilliant 
sueeess. Perhaps the most valuable lesson 
to be derived from the present report is in 
its unwritten precepts, whieh show how a 
seientifie trust may be administered so as 
to produce the greatest return to the world, 
and at the same time to preserve for sei- 
ence the full benefit of the endowment. 
There is no country where these lessons 
deserve more eareful study than in our own, 
and we are fortunate in having in our midst 
an example of good administration based 
on wise previsiou, and guided by high sci- 
entific intelligence. 


Bacteria aNp THEIR INFLUENCE UPON THE 
ORIGIN AND DEVELOPMENT OF SEPTIC 
Comprications or Wounps. By L. A. 
Sriusox, M.D. Wood Priza Essay of 
ihe Alumni Assoctation of Bellevue 
Ifospital Medical Colleze. 34 pages. 
New York: D. Appleton & Co., 1875. 
In the early pages of this pamphlet the 

author explains what is meant by the terms 

bacterium and vibrio, gives the various elas- 
sifieations that have been proposed for 
them, and then goes into an account of 
their natural history, including strueture, 
development, motions, nourishment, func- 
tions, and distribution. Briefly summed up, 
“ Baeteria are microseopieal vegetable or- 


ganisims of two main varieties; 1. Roundor | 
oval cells 0.0U05—0.0010 mm. in diameter, | 


single or arranged in lines or groups... . 
2. Cylindrieal eclls, 0.002—90.003 mm. long, 
single or arranged in lines. . . . There is no 
genetie relationship between them and or- 
dinary mould and fungus. They are found 
in the air, water, and most animal and vege- 
They are saprophytes, not 
parasites, and are unable in themselves to 
cause infectious diseases.” The remainder 
of the essay is on the seeond braneh of the 
subject, viz., what these organisms have 
to do with the origin and development of 
the putrid conditions of wounds, and on the 
treatment to be adopted for the prevention 
or relief of such conditions. 


table tissues. 
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Firk-BuRiaAL aMonG ovr Germanic Fore- 
raTuers, By Kart Buisp., London: 
Longmans, Green & Co, 24 pp. 

Ture author shows that fire-burial was 
once the ruling custom with the Germante 
races, and thinks it not strange that the 
German people should so readily accept the 
views of Sir Henry Thompson on cremation, 
Their oecasional torehlight processions at 
night in honor of departed princes are lin- 
gering relics of fire-burial, 

The Saxons and Frisians of old were 
terrified at the dark, narrow grave when the 
change was made from burning to burial. 
With the Northmen, eremation suececded 
mound-burial In Gaul, Cesar observed 
that the natives practised cremation, and 
Tacitus mentions fire-burial as a Germanic 
eustom, special kinds of wood being set 
apart for ehieftains. 

The dog of the Norse warrior was Jurnt 
with him. Horses, too, were burned, and in 
some countries the custom of leading his 
horse after the eoffin of a chief still prevails. 

“ We burn the corpses of those we love,” 
said a Norseman in the tenth eentuwry to an 
Arab embasxador, “but you bury in the 
earth where vermin and worms devour.” 

The Northmen buried the ashes alter 


-eremation, and planted flowers over the 
‘tomb. These practices lave found expres- 


sion in many poems and legends of the races 
where they prevailed, and the author is ex- 
eeedingly happy in pressing them into ser- 
viee in his historical notice. 


Rerort or tue Ccrators or THE Missouri 
Srate UNIVERSITY FOR THE YEAR ENDING 
June, 1875. Pp. 208. 

From this Report we learn that during 
the past year the Curators purchased, as 
a locale for the School of Mines, the publie 
sehool-building in the town of Rolla, at a 
eost of $25,000, Since 1867 the library has 
grown from 2,000 volumes to 9,000; scien- 
tifie apparatus has been inereased in a yet 
greater ratio. The School of Mines num- 
bered Jast year over 100 students, In addi- 
tion to the School of Mines, the following 
professional sehools are now fully organized 
in connection with the university, viz.: Nor- 
mal School, Agricultural and Mechanical 
College, College of Law, Medical College, 
and Department of Analytical and Applied 
Chemistry. 
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SrxtH ANNUAL Report oF THE GEOLOGICAL 
Scrvey or Inprana. By E.T. Cox. In- 
dianapolis, 1875. Pp. 287. 

Jn this volume we have the results of 
the detailed survey of five counties, viz., 
Jefferson, Scott, Jackson, Brown, and Mor- 
gan, as also of special researches in other 
parts of the State, In a former number 
of the Moxruty we gave the result of 
one of these special researehes, viz., the 
discovery of a eonsiderable bed of white 
poreclain clay, in Lawrenee County. An- 
other inquiry prosecuted by the State sur- 
yeyors during the year 1874 had reference 
to the arehwology of Indiana: attention was 
direeted to collecting stone implements and 
other relics of the mound-builders, and to 
the mapping of tumuli and walled or for- 
tified prehistoric village-sites. Only a small 
portion of the State has been as yet ex- 
amined, with a view to researehes of this 
kind, yet the results attained are highly 
gratifying. The volume before us gives a 
detailed description of some very remark- 
able monuments of the mound-builders. 
One of these, built on a high bluff whieh 
overlooks the Ohio River, consists of two 
eireular piles of stone with neck-like pro- 
longations lying in opposite direetions ; 
greatest diameter, twenty-two fect ; length, 
forty feet. The mounds are built of stones 
piled up regularly and lapped so as to break 
joints, but without mortar. Another curious 
monument is an earthwork, circular in shape, 
six hundred yards in circumference, ten or 
twelve feet wide, and at present fifteen to 
twenty inches above the general surface. 
There is a gap six to eight feet wide in the 
northeast part of this circular wall. Four 
or five other mounds are described in the 
work. 

In the chapters devoted to the several 
counties, the cconomie geology of each re- 
eeives due attention, The prineipal min- 
erals of economic value found in Jaekson 
County are building-stone, brick-clay, and 
ochre. In Brown County gold is found in 
the bed or on the barg of all the brooks 
that flow into Bean Blossom Creek from 
Indian Creek Ridge. Fine dust and minute 
seales may be found in the county wherever 
black sand and small pebbles indicate for- 
mer currents of ice-water. Tke metal is of 
unusual purity, but the total product of 
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gold in the county has not exeeeded ten 
thousand dollars. There are numerous 
quarries of valuable building-stone in the 
county. The manganiferous iron-stone of 
Scott County yields an excellent quality of 
milland foundery iron, There are as many 
as thirteen distinct seams of the ore, rang- 
ing from three inches to one foot or more in 
thickness, in a vertical space of twenty feet. 
Beyond brick-elay and building-stone, Jef- 
ferson County possesses no minerals of any 
considerable economic importance. 

The volume contains a ‘Synopsis of the 
Fishes of Indiana,” by D. 8. Jordan, M. D., 
and a “ Partial List of the Flora of Jeffer- 
son County,” by John M. Coulter. 


Scripture SprcvLations ; with an Introdue- 
tion on the Creation, Stars, Earth, Primi- 
tive Man, Judaism, ete. By Hatsey R. 
Stevens. Newburg: The Author. For 
sale by C. P. Somerby, New York. Pp. 
419. Price, $2.00. 

Tus work may be ealled a running com- 
mentary on the text of the Scriptures. The 
author has no hesitation in expressing his 
opinions, but yet he does not transgress the 
limits of just criticism, He has no preju- 
dices against the “sacred books,” but he is 
unwilling that they should be reverenced 
without diserimination. “ Faith,” says he, 
“is excellent if founded on a noble life. . . 
We have no intention of setting at naught 
infinite wisdom or of treating eternal things 
with irreverenee. The manly course for all 
writers is to say what they think just and 
true, and leave the event to God. Keeping 
back truth is a sin,” 


First Boox rx Aritumeric, Pp, 154. Priee, 
50 cents. Also, THE CoMPLETE ARITH- 
METIC, ORAL aND WritTen. Pp. 498. 
Price, $1.40. By Dantex W, Fisu, A. M. 
New York: Ivison, Blakeman, Taylor 
& Co. 

ALGEBRAIC PROBLEMS. 
tix, Ph. D. (same publishers). 
Price, 81.50, 

Turse books belong to the series known 
as “ Robinson’s Shorter Course.” In paper, 
print, and binding, they are very attractive. 
The “First Book iu Arithmetie” abounds 
in pictures, which are employed not so much 
for the purpose of embellishment, as in or- 
der to make plain to the infant mind the 
problems and operations set before it. ‘The 


By Josern Ficr- 
Pp. 184. 
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Complete Arithmetic” is designed to fill the 
place usually oceupied by three or more 
graded text-books. “ Algebraic Problems ” 
is intended for the use of teachers. 
tains a great variety of problems, by means 
of which the student’s knowledge of the 
principles of algebra may be tested. 


It con- 


Hair - Hours with Insects. By A. 8. 
Packaxb, Jk. Parts VIL, VIL, and VIE. 
Price per Part, 25 cents. Bostun: Estes 
& Lauriat. 

Tue numbers of this series cost but a trifle 
each, and when completed they will make a 
volume, not only of faseinating interest, but 
full of valuable practical information. Of 
the parts before us, VE. is on the ‘‘ Popula- 
tion of an Apple-Tree,” VE. on “ Insects 
of the Field,” and VIII. on * Insects of the 
Forest.” The illustrations are numerous | 
and well executed, and the descriptions are 
admirably clear. 


A Mayvat or Metattcrey, Vol. JL By 
W. EE Greexwoop. New York: Put- 
nams. Pp. 371. Price, $1.50. 

We have here a comprehensive account 
of the usually accepted methods of extract- 
ing the useful metals from their ores. The 
scientitic principles involved in each process 
are clearly set forth, and the processes 
themselves described with considerable de- 
tail, though the author does not descend to 
the ultimate technical minutiw. The metals 
treated of in this volume are copper, lead, , 
zine, mercury, silver, gold, nickel, cobalt, 
aluminium, The subject of assaying, al- | 
though it forms an important branch of 
metallurgy, is not touched upon, as being 
too large for the compass of the work. 
Numerous excellent woodcuts serve to illus- 
trate the text. 


NaTURE 4ND CULTURE. 
Boston: Lee 
Price, $1.50. 
Tuts book is made up of six unconneeted 

essays, the first, ‘‘ Nature and her Lessons,” 

being an exposition of current scientific 
theories of the origin of the universe, and 
the history of the earth’s changes. The 
author’s style is very attractive, and doubt- 

less this essay will tend to suggest many a 

novel line of thought to the reader previous- 


By Harvey Rice. 
& Shepard. Pp, 202. 
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ly unacquainted with the current of modera 
scientific research and speculation. The 
other subjects treated are: “ Woman and 
her Sphere ;’? “ Education and its Errors ;” 
“ America and her Future ;” “ Life and its 
Aspirations.” The final chapter contains an 
address delivered by the author on the ocea- 
sion of the dedication of a“ Mission Monu- 
ment” apparently on the grounds attached 
to Williams College. 


PUBLICATIONS RECEIVED. 

The Border-Lands of Insanity. By A, 
Wynter, M.D, New York: Putnams. Pp. 
321. Priee, $2.00. 

Weights, Measures, and Money, of All 
By F. W. Clarke, 5. B. New 
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United States Beard for testing tren 
and Steel—We have already (in the July 
number of the MoxtHiy) called attention 
to the researches proposed to be made by 
the United States Board for testing lon 
and Steel, and reeur to the subject in 
order to stimulate those of our readers who 
may be in possession of facts bearing on the 
inquiry to communicate with the chairmen 
of the various committees into which the 
board has been divided. These commit- 
tees are fifteen in number. The commit- 
tee on abrasion and wear, chairman, R. H. 
Thurston, has to examine and report upon 
the abrasion and wear of railway wheels, 
axles, rails, and other materials. Another 
subject of investigation by this committee 
is the wear of tools under the various con- 
ditions of workshop practice. The com- 
mittee on armor-plate, chairman, Lieuten- 
ant-Colonel Q. A. Gilmore, U. 8. A., will 
make tests of armor-plate, and collect data 
derived from experiments already made to 
determine the charaeteristies of metal suit- 
able for such use. A. L. Holley is chairman 
of the committee on chemical research, 
whose duty it is to plan and conduct inves- 
tigations of the mutual relations of the 
chemieal and imechanieal properties of 
metals. The committee on chains and 
wire-ropes, whose chairman is Commodore 
L. A. Beardslee, U.S. N., is charged to de- 
termine the character of iron best adapted 
for chain-cables, the best form and propor- 
tions of link, and the qualities of metal 
used in the mannfacture of iron and steel 
wire-rope. The committee on corrosion of 
metals, W. Sooy Smith, chairman, is to in- 
vestigate the subject of corrosion of metals 
under the conditions of actual use. 

The committee on the effects of tem- 
perature, chairman, R. A. Thurston, will 
investigate the effects of variations of tem- 
perature upon the strength and other qnali- 
ties of metals. That on girders and col- 
umns will arrange and conduct experiments 
to determine the laws of resistance of 
beams, girders, and columns, to change of 
form and to fracture. Two committees on 
iron, wrought and cast, ehairmen, Com- 
mander Beaslee and Lieutenant - Colonel 
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Gillmore, will examine and report on the 
mechanical and physieal propertics of 
wrought and cast-iron. The committee on 
metallic alloys, chairman, Prof. Thurston, 
is to make experiments on the character- 
istics of alloys and to investigate the laws 
That on orthogonal simul- 
tancous strains, chairman, W. Sooy Smith, 


of combination, 


will experiment on such strains with a view 
to the determination of laws. W. Sooy 
Smith is also chairman of the committee of 
physieal phenomena, who will investigate 
the physical phenomena accompanying the 
distortion and rupture of materials. The 
committee on reheating and rerolling, chair- 
man, Commodore Beaslee, will observe and 
experiment on the effects of reworking 
metals; of hammering as compared with 
rolling, and of annealing metals. A com- 
mittee on steels produced by modern pro- 
cesses, A. L. Holley, chairman, will inves- 
tigate the constitution and charaeteris- 
ties of steels made by the Bessemer, open- 
hearth, and other modern methods. Final- 
ly, the committee on steels for tools, chair- 
man, Chief-Engineer D. Smith, U.S. N., is 
direeted to determine the constitution and 
characteristics and the special adaptations 
of steels used for tools. Each of these com- 
mittees has issued a circular, more pariieu- 
larly defining the researches in which it is 
engaged; they can be obtained from the 
secretary of the board, Prof. Thurston, 
Stevens Technological Institute, Hoboken, 
New Jersey, or from the respective chair- 
men, 


Stanley’s Expedifion.—Letters have been 
received by James Gordon Bennett, of this 
city, from Henry MN. Stanley, commander of 
the expedition fitted out for the exploration 
of the interior of Afriea by the proprietors 
of the New York Herald and the London 
Telegraph. The letters were written at a 
village called Kagehyi, on the extreme 
southern shore of Victoria Niyanza. The 
expedition reached that point on February 
27, 1875, after an arduous march of 103 
days from the sea-coast. There were in the 
expedition, as soldiers and carriers, over 
800 men, all native Africans except five, the 
commander and four Englishmen. For the 
first 175 miles Stanley followed Livingstone’s 
route nearly due west, but, having reached 
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the weste.n frontier of Ugogo, he quiited 
the beaten path, and, for the remaining 550 
miles, his line of march lay steadily in a 
northwestern direction. A few days later, 
the guides who had been hired in Ugogo 
deserted, and the trail which the expedi- 
tion had been following was lost in a laby- | 
rinth of elephant and rhinoceros tracks. 
Still continuing bis march to the north- | 
west, Mr. Stanley's men, with great ditli- | 
eulty, foreed and cut their way through a 
dense jungle on the third day after the | 
guides had deserted. The following two 
days’ mareh was very trying to the men, 
who suffered from hunger and thirst, and a 
halt was ordered until provisions eould be | 
got from Suna, a place distant nearly thirty 
miles, While waiting, the men bad two. 
seanty meals of gruel, which was made in 
a sheet-iron trunk, At a point 400 miles 
from the sea, Edward Pocoek, one of the 
four Englishmen, died of typhoid fever. 
Thirty of the blacks were on the sick list, 
and six had died at Suna, The most stir- 
ring incident of the entire march to Vie- 
toria Niyanza was the three-days’ battle 
with the people of the Lewumbu Valley. 
The savages were soundly whipped, and 
many of their villages burned. The plun- 
der of the villages supplied the force with 
provisions for six days. Stanley lost twen- 
¢y-one men in this littlhe war; and when, 
three days later, he numbered the expedi- 
ticn, it was found that there remained only 
194 men, and the number was sti!l further 
reduced before he reaehed the shores of 
Victoria Niyanza, On his arriva) at Kage- 
hyi, he had only 166 native soldiers and 
carriers, and three white men. 

The second letter gives an incomplete 
account of a reconnoissance of the coast of 
Victoria Niyauza. This reconnoissance was 
made in a cedar boat, which had been car- 
ried in sections from the sea-coast. Mr. 
Stanley, in this boat, the Lady Alice, sur- 
veyed all the coasts of the lake, sailing 
over 1,000 miles in fifty-eight days. In the 
jetter whieh we call the second, Mr. Stanley 
mentions a previous letter which he wrote 
at Mtesa, on the north shore of the lake, 
latitude 0° 20’ north, longitude 83° east. 
There he met Colonel Linaut de Bellefonds, 
of Gordon’s staff, and gave lim a letter for 
transmission to England. Strange to say, | 
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this letter has not yet reached its destina- 
tion, while two other letters, one of them 
of later date, and which were sent via Un- 
yanyembe to Zanzibar by earavan, have 
been received, A map accompanies the 
“second” letter. This map, being based 
on actual survey, decides the question, 
long diseussed, whether Victoria Niyanza 
is one lake or a multitude of lakes. It is 
seen to be one vast sheet of water, with 
length and breadth nearly equal, but with 
its largest diameter lying from northeast 
to southwest. Its extreme northern limit 
is in latitude 0° 30’ north, and its extreme 
southern limit in latitude 2° south. Kast 
and west it reaches longitude 34° 30’ east, 
and 81° 50’ east, respectively. During 
stanley’s absence from Kagehyi, Frederick 
Barker, one of his English followers, died 
there of fever. The newspapers in whose 
service Mr, Stanley is engaged ought to 
have attaebed to his stalf a secretary pos- 
sessed of some little literary tact. Mr. 
stanley’s own communications are verbose 
to the last degree: they give no elear 
idea of the nature of the countries visited ; 


| their inhabitants ; how the expedition ob- 


tained supplies, etc. The two letters al- 
ready published purport to give the his- 
tory of about six months, but they are in 
volume equal to about one-fourth of Cresar’s 
famous memoirs of the Gallie War, which 
extended over nine years. 


Patrefaction arrested by Pressure.—A 
communication to the Paris Academy of 
Sciences, by M. Paul Bert, on the “ Influ- 
enee of Air-Pressure on Fermentation,” a 
summary of which appears in the eudemy, 
states that a pieee of meat plaecd in oxy- 
gen, with a pressure of twenty-three atmos- 
pheres, remained from July 26th to August 
8d without putreseenee or bad odor. It 
consumed in that time 380 cubic centime- 
tres of the gas. A similar pieee, suspended 
in a bell-glass full of air at the ordinary 
pressure, acquired a bad sinell, consumed 
all the oxygen, amounting to 1,185 centi- 
metres, and was covered with mould, 
Another trial was made with oxygen at a 
pressure of forty-four atmospheres ; no 
oxygen was absorbed between December 
19th and January 8th, and no bad odor 
was exhaled. M. Bert could eat cutlets 
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preserved in this way for a month, and 
found them only a little stule in flavor. 
After being expused to air at this pressure, 
allowing an escape so that only normal 
pressure remained, the meat suffered no 
damage, provided the bottle well 
corked, so that no external germs could 
enter. Thus it appears that the micro- 
ferments which cause fermentation can he 
killed, when they are moist, by a sufficient 
tension of oxygen. Fermentations of milk 
and wine are arrested by high pressure, 
and fruits keep sound. Diastase coutinues 
to act as a ferment, and bodies of this de- 
scription preserve their propertics indefi- 
nitely if retained under pressure. 


was 


Meeting of the French Association for 
the Advancement of Science.—The Presi- 
dent of the Freneh Association for the Ad- 
vaneemcnt of Scieuce, M. d’Hichthal, deliv- 
ered an address at the opening of the Nantes 
meeting, on the connection between pure 
scienee and the various methods employed 
to satisfy the wants of humanity. The text 
of this address has not yet eome to hand, 
but we give herewith the summary of it, 
which is published in Nature. It would be 
almost impossible, he said, to enumerate all 
the branches of human activity which owe 
their success to the researehes of pure sci- 
ence—hygiene, medicine, surgery, the fine 
arts, mechanics, industry in all its branches, 
mining, metallurgy, textile industries, light- 
ing, warming, ventilation, water-supply, ete. 
Ile then referred in detail to several exam- 
ples of the influenee which the results of 
science have had upon progress in the arts, 
with the motive forces of water, air, and 
steam, mentioning a multitude of names of 
men eminent in pure seienee, from Pascal 
and Boyle down to Faraday and Sir William 
Thomson, upon the results of whose re- 
searehes the great advances whieh have 
been made in machinery’of all kinds have 
depended. He then spoke of electricity in 
connection with the names of Oerstedt, Am- 
pére, Faraday, Beequerel, and Rubmkorff; 
passing on to speak, at some length, of the 
stcam-engine in its various forms, of the 
progress which, by means of scientific re- 
search, is being made in its construction 
and its uses, and of the great services which 
this powerful application of a scientific dis- 
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covery renders to man. M. d’Eiehthal advo- 
cated the establishment of local centres of 
eulture as the best eounterpoise to that over- 
centralization to which France owes so many 
of its social misfortunes. “In our time,” 
said he, “scienee, history, and literature, 
have great wants. Libraries, leeture-halls, 
laboratories, costly materials, instruments 
numerous and expensive, are indispensable 
to pupils for learning, and to teachers for 


; carrying on their researches; it is by put- 


ting, on a large seale, these resources at their 
disposal, that we can attract and fix in our 
midst men eminent in all branches of human 
knowledge.” 


Thermo-diffasion.—la the Physical See- 
tion, M. Merget stated the results of his 
researches on the thermo-diffusion of po- 
rous and pulverulent bodies in the moist 
state. <A “thermo-diffuser” is any vessel 
of porous material, filled with an inert 
powder, into which is plunged a glass 
or metal tube piereed with holes. On 
heating this apparatus, after it has been 
wetted, water-vapor is given off copiously, 
passing through the porous substance, while 
dry air passes through the apparatus in the 
eontrary direction, escaping through the 
tube, If we stop the mouth of the tube, 
there is produced a pressure amounting to 
three atmospheres at the temperature of a 
dull-red heat. If the pulyerulent mass or 
the porous body eeases to be moist, all pas- 
sage of gas is stopped. These facts the au- 
thor does not explain, but he shows that De 
la Rive’s explanation cannot be aecepted. 
M. Merget is satisfied that he has here to 
do with a thermo-dynamie phenomenon. 
Thermo-diffusion must play an important 
part in the gaseous exchanges of vegetal 
life, as the author showed by taking a leaf 
of Nelumbium as a thermo-diffuser. M. 
Merget also offered some observations on 
the Respiration of Plants. He said: If un- 
der the influence of light, however fecble, we 
plunge into water containing carbonic acid, 
an aérial, or, better, an aquatico-aérial leaf, 
passing the extremity of the petiole intoa 
test-tube, where the pressure will be a little 
less than that of the atmosphere, then there 
will form around the stomata of the leaf an 
atmosphere of carbonic acid, and oxygen will 
be diseharged from the end of the petiole. 
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The more intense the light, the more rapid 


the disengagement of oxygen, and under the | 


influence of solar lightasingle leaf of Viphar 
has yielded as much as five cubic centime- 
tres of oxygen per minute—corresponding 
to the fixation of one gramme of carbon in 
ten hours. But, if we preserve all the other 
conditions, abstraeting only light, the bub- 


bles of carbonic acid at the stomata disap- | 


pear, the cell fills with water, and ceases to 
respire. 
carbonie acid is decomposed by the chloro- 
phyll; and, aecording to the author, chloro- 
phyll possesses the property of direetly 
breaking up gaseous carbonic avid into its 
elements, carbon and oxygen. 

From all this it follows that the passage 
of carbonic acid through the stomata is a 
purely physical phenomenon, not vital—a 
phenomenon of thermo-ditfusion. 


Religion of the Canarians.—The super- 
stitious practices in use among the primitive 
Canarians was the subject of a paper read 
by Sefior Chil y Naranjo. On Gran Canaria, 
he says, the natives believed in an infinite 
being, Alcorac or Alchoran. Him they wor- 
shiped on the summits of mountains, as 
also in little temples called almozaren. 


heir priests were w were | : A 
TUGie Driepee eens. Omen, Snel were bound | rule, the young birds are either all black or 


by a vow of chastity. 
were also asylums for criminals. 


The sacred places 
The Ca- 
narians believed in the existence of an 
evil spirit, Gabio. On Teneriffe the Guan- 
echos worshiped Achaman, and used to as- 
semble in consecrated places for common 
prayer. On Palma, the name given to the 
Supreme Being was Abara. In all the islands 
homage was rendered to the embtems of fe- 
cundity and to the four elements. Their 
sacrifices were such as would be esteemed 
most precious by a pastoral people. They 
attributed will to the sea; it was the sea 
that gave them rain. In time of drought 
they scourged the sea, and implored the 
aid of Heaven with great ceremony. 


Microcephaly.—Dr. Laennee exhibited a 
micryeephalous idiot, aged fourteen years, 
of the male sex, This child is entirely uncon. 
scious of his own actions, and his intellect- 
ual operations are very few in number and 
veryrudimentary. His language consists of 
tivo syllables, owi and du, and he takes an 


Thus it is in the guseous sfute that | 


| ally are of different types. 
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evident pieasure in pronouneing them. THe 
takes no heed in what direction he walks; 
he would step off a precipice or into a fire. 
Dr, Laennee ealled attention to the idiot’s 
hands; the thumbs are atrophicd and can- 
not be opposed to the other fingers, The 
palms of the hands bave the transverse 
ereases, but not the diagonal—the result 
of the atrophy of the thumbs. Hence the 
hand resembles that of the chimpanzee. 
The dentition too is defective. Though 
fourteen years of age, the child has only 
twelve teeth. 


The Booted Eagle.—M. Louis Bureau 
stated the results of observations on va- 
rictics of the booted eagle (Aquila pen- 
nata), the smallest European bird of the 
eagle tribe. M. Bureau, having examined 
a number of broods of the booted eagle, 
says that all the varieties of this species may 
be reduced to two ebief types, white and 
black. In pairs, both of the sexes some- 
times belong to one type, but they more usu- 
Tn fact M. Bu- 


,reaa has found in the same forest, and at 


but little distance from one another, two 
pairs, in one of which the male was black, 


| and the female white, and, in the other, the 


male white and the female black. As a 


all white, But in one nest, containing two 
chieks, the one was white, the other black. 


' From this it follows that these variations of 


color are not correlated with the age of the 
bird. 


St. Louis Academy of Seience.—At a re- 
cent meeting of the St. Louis Academy of 
Science, Prof. Riley read a paper on the 
eanker-worm, in which he says that two 
sorts have hitherto been confounded under 
this name, that are not only specifically, 
but he thinks generically, distinct. They 
present important structural differences in 
the egg, the larva, the chrysalis, and the 
moth states; and also dilfer in the time of 
their appearance: one species rising from 
the ground mostly in early spring, the other 
mostly in the fall. Both attack fruit and 
shade trees, but, while the spring sort is 
common and very injurious in the apple- 
orchards of the Western States, the other 
is rare there, and most common in the elms 
of New England. To combat the former, 
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or spring species, fall ploughing under the 
trees, which breaks up their fragile eoeoons 
that lie seereted in the soil, and in early 
spring scraping the trunks of the trees 
where their eggs ave lodyved in the ereviees 
of the bark, are recommended. These meas- 
ures fail with the fall sort, and, in the ab- 
stract of the paper now before us, nothing 
is suggested to take their place. 

At the same meeting Prof. Riley also 
presented a paper giving an account of some 
recent experiments with the grape phyllox- 
era, undertaken for the purpose of deter- 
mining when the winged female deposits 
her eggs. He built a tight gauze house six 
feet high and four square over a Clinton 
vine. The house was built so as not to per- 
mit even so small an inseet as the winged 
phyHoxera to get in or out, and the vine 
was trimmed so that but few branches and 
Jeaves remained to be examined. Into this 
inclosure he brought an abundance of infest- 
ed roots, and from these obtained a sup- 
ply of the winged females, confined where he 
could wateh their ways. The result of these 
observations is that, as has been surmised, 
the eggs are often laid in erevices on the 
surface of the ground, but still more often 
on the leaves, attached generally by one 
end amid the natural pubescenee of the un- 
der surfaee ; and, while heretofore all efforts 
to artificially hateh the progeny from these 
eggs have failed, Prof Riley has this year 
sueeceded in hatching them, and presented 
a tube filled with living females. 


Condensed Beer.—A process for eoudens- 
ing beer, reeently patented in England, is 
described as follows in the Anglish Mechan- 
te: Beer or stout is taken at any stage of 
fermentation, though the process is better 
applied when it is fit for drinking, and evapo- 
rated in a vaeuum-pan until it becomes a 
thick, viseous fluid, 
of course pass off in vapor, which, in turn, 
is condensed in a receiver, and the aleohol 
reeovered by redistilling the liquid. This 
aleoho] may be mixed again with the eon- 
densed beer. By this proeess of eondensa- 
tion, the beer is redueed to one-eighth or 
one-twelfth of its original bulk, and, as the 
fermentation is suspended by the heat em- 
ployed, the condensed mixture will keep in 
any climate for any length of time. The 


The alcohol and water 
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process of reeonverting the mixture into 
beer is also a simple one, consisting merely 
in adding the bulk of water originally ab- 
stracted, and setting up fermentation again 
by the use of a small quantity of yeast or 
other ferment. Within forty-eight hours 
the beer may be drawn from the tap for use, 
or bottled in the ordinary way; or, without 
using any ferment, the beer may be bottled, 
and charged with earbonie-aeid gas 


Is Consumption contagious ?—Some ex- 
periments and observations reeently made, 
on the transmission of tuberculosis or 
phthisis from one animal to another, are 
worthy of note, as indicating one fruitful 
source of pulmonary disease. Thus it has 
been found that when an auimal with tu- 
bereulated Jungs is made the yoke-fellow of 
a perfectly healthy animal, and the two are 
housed and fed together, so as to inhale one 
another’s breath, the one which at first was 
sound, before long exhibits the symptoms 
of tuberculosis. Again, Krebs has produeed 
tubereulogis by giving animals milk from 
those which were diseased, In addition to 
rabbits and Guinea-pigs (whieh aniuals are 
very susceptible to the artificial produetion 
of the malady), he accidentally imdueed the 
disease in a dog by feeding it with the milk 
of a eow in the last stage of phthisis. Asa 
result of his observations, he asserts that 
tuberele virus is present in the milk of 
phthisieal cows, whether they are slightly 
or gravely affected. Qn vigorous subjects 
such milk may produce no injurious effects, 
but the case is likely to be different with 
children, and those of enfeebled constitu- 
tion, Similar effeets may result from eating 
the flesh of animals affeeted with tuberele, 
and by inoeulation with the virus. Thor. 
ough cooking of milk and flesh-meat neu- 
tralizes their injurious action. 


Continnity of the Guano-Deposits.—Are 
guano-deposits of reeent formation, or do 
they date from a geological epoch prior to 
the present? The latter opinion has been 
held by many eminent scientific men, among 
them Humboldt. The observations of Bous- 
singault, however, go to prove the recent 
origin of these deposits. One fact, cited by 
Boussingault in support of this theory, is the 
existenee in the guano of the bodies of birds 
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with their soft parts preserved. These re- 
mains have been attentively studied by Bar- 
ral, who shows that they belong to existing 
species. One of these birds was identified as 
a speeies of cormorant, which is common 
on the coast of Peru. Then there is a sort 
of gannet, which frequents all parts of the 
Pacific; a species of petrel; and finally the 
penguin. There are also fragments of the 
bones of mammals belonging to the cared 
seal. All these species extend very much 
farther south than the guano islands, and 
if deposits of guano have not been found in 
the colder islands of the Pacifie Ocean, it is 
probably because the rainfalls have removed 
the birds’ excrement, whieh in other locali- 
ties has accumulated, 


Centennial Display of Miueral Prodacts. 
—It is the intention of the Department of 
the Interior to haye at the Centennial Ex- 
hibition a collection of the mineral products 
of the United States. The Smithsonian In- 
stitution has been charged with the work 
of making this collection, and accordingly 
Prof. Joseph Henry has published a circular, 
inviting the cobperation of mine-owners, 
superintendents, engineers, geologists, and 
all others who are able to contribute to the 
attainment of the object in view. ‘Such a 
collection,” says the cireular, “formed and 
arranged with skill and diserimination, is 
important, for the purpose of presenting a 
general view of the extent and variety of 
these productions at the Exhibition, and 
will constitute a portion of the National 
Museum, where it will be permanently ar- 
ranged after the Exhibition,” Letters of 
inquiry, with regard to this collection of 
minerals, should be addressed to Prof. W. 
P. Blake, New Haven, Conn. 


Resuscitation of the Drowned, — The 
Massachusetts Ilumane Society has pub- 
lished the following plain directions for say- 
ing the lives of persens reseucd from drown- 
ing after they have become insensible: 

1, Lose no time. Carry out these diree- 
tions on the spot. 2. Remove the froth and 
mucus from the mouth and nostrils, 3. 
Hold the body, for a few seconds only, with 
the head hanging down, so that the water 
may run out of the lings and windpipe. 4. 
Loosen all tight articles of clothing abont 
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the neek and chest. 5. See that the tongue 
is pulled forward if it falls back into the 
throat. By taking hold of it with a hand- 
kerchief, it will not slip. 6. If the breath- 
ing has ceased, or nearly so, it must be 
stimulated by pressure of the chest with the 
hands, in imitation of the natural breathing, 
foreibly expelling the air from the hings, and 
allowing it to reénter and expand them to 
the full capacity of the ehest. Remember 
that this is the most important step of all. 
To do it readily, lay the person on his back, 
with a eushion, pillow, or some firm snb- 
stanee, under his shoulders ; then press with 
the flat of the hands over the lower part of 
the breastbone and the upper part of the 
abdomen, keeping up a regular repetition 


| and relaxation of pressure twenty or thirty 


times a minute, <A pressure of thirty pounds 
may be applied with safety to a grown per- 
son. 7. Rub the limbs with the hands ov 
with dry cloths constantly, to aid the cireu- 
lation and keep the body warm. 8. As soon 
as the person ean swallow, give a table- 
spoonful of spirits im hot water, or some 
warm coffee or tea. 9. Work deliberately. 
Do not give up too quiekly. Suceess has 
rewarded the efforts of hours. 


Troat-Culiure.—In a communication to 
Forest and Stream, Mr. M. Goldsmith, one 
of the Fish Commissioners for Vermont, 
states the results of an experiment in trout- 
eultnre, which, if verified, cannot fail to have 
a great influence on the development of ar- 
tifigial fish-breeding. Mr. Hale, of the town 
of Rutland, has for some months fed the 
tront in his ponds with bread made of Indian- 
corn. He adds to the meal a little sugar o1 
molasses of the cheapest sort, anid it is 
stated that the trout eat the bread thus 
prepared with as mueh avidity as they do 
chopped liver or other animal food. The 
fish are in good condition, though they do 
not grow quite so rapidly, perhaps, as they 
would on a flesh diet. Their flesh is firm 
and has a fine flavor. This diseovery, adds 
My. Goldsmith, makes trout-eulture not only 
possible in localities where it wonld not otb- 
erwise be practicable, but in all cases more 
economical, Whether the vegetable diet 
ean be rigidly practised, is a matter for fur- 
ther inquiry. Even if the result should 
prove that a certain quantity of animal food 
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is necessary to the most perfect health of 
the trout, it is still a fact of great value that 
they ean live, and grow, and fatten, on a 
vegetable diet, 


Changes in the Skin of Fur-bearing Ani- 
rials.—The obvious difference between the 
fur of animals in summer and in winter is 
found by Donhoff to be associated with an 
equally striking difference in the texture 
and thickness of their skin, Thns, the av- 
erage weight of an ox-hide in winter is sev- 
enty pounds; in summer, fifty-five pounds ; 
the hair in winter weighs about two pounds, 
and in summer about one pound; leaving 
fourteen pounds to be accounted for by the 
proper substance of the skin. These differ- 
enees are quite as decided in foetal animals 
as in adults. Calves born in winter have a 
longer and thicker coat than those born in 
summer; moreover, there is a difference of 
more than a pound in the weight of their 
skins after the hair has been removed. 
Similar facts may be observed in the case 
of goats and sheep. That these differences 
are not to be ascribed to any corresponding 
change in the diet and regimen of the par- 
ent animals, is proved by the faet that they 
are equally manifest in the young of indi- 
viduals kept under cover, and on the same 
food all the year round. 


Intensity of Solar Badiation.—In a let- 
ter to Ste,-Claire Deville, Soret alludes inci- 
dentally to some recent optical observations 
which show the great intensity of solar ra- 
diation, If we look at an ordinary flame 
through plates of glass colored blue with 
cobalt, we observe that with a certain thick- 
ness of glass the flame presents a purple 
color, as the glass transmits the extreme 
red rays, and the highly-refrangible blue 
and violet rays, while it intercepts the rays 
of intermediate refrangibility. Ifthe souree 
of light have a high temperature, and there- 
fore emit highly-refrangible rays, the flame 
appears blue, and it requires a number of 
superposed plates in order to develop the 
purple tint. Thus it was found that, at 
the temperature at which platinum fuses, 
two plates would give a purple color; at the 
fusion of iridium three plates were required, 
and on observing the sun the purple color 
was not developed even with half a dozen 
plates. 
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Extinction of Animals in Rodriguez. 
Alphonse Milne-Edwards, in a communica- 
tion to the Paris Academy of Sciences, 
shows from documentary evidence that the 
solitaire and the other gigautie birds of the 


| Island of Rodriguez became extinet be- 


tween 1780 and 1760. Reports addressed 
to the Compagnie des Indes show that the 


_ island was regarded as a sort of provision- 


ing-store, not only for the Isle of France 
and the Island of Bourbon, but also for the 
ships frequenting these parts. One object 
of their visits was the eollection of land- 
tortoises, and efforts were made by the 
compagnie to put some restrictions on this 
business. The land-tortoise has long since 
disappeared from tke island. As for the 
great birds of Rodriguez, owing to their un- 
developed wings they were easily captured, 
while the delicacy of their flesh caused 
them to be much sought after. 


Terrestrial Radiation. — Prof. Thiselton 
Dyer, at a recent mecting of the British 
Horticultural Society, made the following 
communication upon the phenomena of ter- 
restrial radiation and its effects on vegeta- 
tion, basing his remarks upon the observa- 
tious of Buchan. The effects of radiation, 
he said, are at the maximum when the air 
is calm and very dry, and its temperature 
rather low. If, however, the cold air pro- 
duced through the influence of terrestrial 
radiation be allowed to accumulate close to 


| the ground, no small amount of damage may 


be done by a comparatively light frost. On 
sloping ground sueh aceumulation of cold 
air cannot go on, because, cold air being 
heavier than air which is warmer, as soon 
as the air in immediate contact with sloping 
ground is cooled it flows down to a lower 
level, just as water would do, and its plaee 
is taken by the warmer current of air im- 
mediately above. In this way a higher 
night temperature is maintained in situa- 
tions where the ground slopes down to 
lower levels, and accordingly such situations 
should be chosen for those plants whieh, 
at any stage of their growth, are peculiarly 
liable to be injured by frost. If the air be 
not calm, but a wind—even a slight wind— 
be blowing, the different layers of air are 
thereby mixed; and thus the air cooled by 
contact with the cold ground is not suffered 
to rest thereon, but is mixed with the air 
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above it, and the temperature is thus pre- 
vented from falling as low as it otherwise 
would. 


Trapping Wild-Tarkeys.—There is a 
touch of cynic humor in a peculiar mode of 
trapping wild-turkeys in Virginia, as de- 


scribed by a writer in Forest and Stream. | 


Having discovered one of the familiar haunts 
of the birds, the trapper digs a trench 
eighteen inches deep and about as wide, and 
four or five feet long, with a slope from tke 
outer end deepening to the middle. A pen 
of fence-rails is now built, the first rail being 
laid across the middle of the trench; this 
is the width of the pen, and it bas the length 
of two rails. Itis built to the height of 
eight or ten rails and covered over with the 
same. Some grain is now scattered around 


and in the trench, and a large quantity with- | 


in the pen. The turkeys get on the train 
of bait leading into the pen, and with heads 
down, eagerly picking up the grain, they go 
under the sill-rail in quest of food. Half a 
dozen or so will perhaps enter in thus, and 
then they find themselves imprisoned. They 
go round and round to find an exit, but it 
never occurs to them to look down, and thus 
they never find the passage through which 
they entered. 


Rationale of the Welding of Iron.—The 
welding of iron and the regelation of water 
are very ingeniously traced to the same 
cause by Mr. M. Jordan. Faraday was the 
first to observe the phenomenon afterward 
called “regelation.” By this term we im- 
ply that when two pieces of ice are pressed 
even very gently together, the temperature 
being just below zero, they at once become 
welded to each other. Of this Thompson 
offers the following explanation: For all 
bodies which, like water, have the property 
of diminishing in volume as they liquefy, 
pressure, which tends to bring the mole- 
cules closer together, lowers the tempera- 
ture of fusion, Consequently, when two 
pieces of ice are rubbed against each other, 
fusion takes place between the surfaces in 
contact, at a temperature below zero. But 
as soon as the pressure ceases solidification 
is again produced, and the pieces are welded 
together. With iron, observes Mr. Jordan, 
the case is the same. The two pieces to 
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heat, i. e., more or less near to the fusing- 
point. The repeated blows of the ham- 
mer, or the pressure of the rolls, lowers 
the point of fusion, causing a superficial 
liquefaction of the parts in contact, and 
thus welding the masses together; and this 
because, like water, iron dilates in passing 
from the liquid to the solid state, ‘ The 
eareful comparative study of these two 
adds Mr. Jordan, “even though at 
first sight apparently so dissimilar, cannot 
fail to furnish results of great interest to 
the metallurgist. The work of the puddler 
is also based upon the same phenomenon 
as that of welding, When the puddler 
forms his ball in the furnace, it is done by 
rolling togetLer or aggregating the crystals 
of iron as they form in the mass of melted 
iron and slag. In other words, the semi- 
fused crystals are welded or regelated to- 
gether by the mechanical action of the pud- 
dler.” 


hodies,” 


Prepagatien of Waves in Liquids. —At a 
late meeting of the Paris Physical Society, 
M. Marey exhibited certain apparatus which 
he has employed in studying the propaga- 
tion of waves in liquids. His method con- 
sists in producing, at a given point in an 
India-rubber tube filled with water, a sudden 
compression or dilatation, either by press- 
ing on the walls of the tube, or by means 
ofa piston. Smal) clips arranged along the 
tube at equal distances from each other 
signal the passage of the wave of compres- 
sion or dilatation to a registering appara- 
tus. In this way M. Marey has found that 
the velocity of the waves decreases with 
the size and increases with the elasticity of 
the walls. The density of the liquid bas 
aiso some effect, but this is not of sufficient 
importance to be taken into account in ap- 
plying this method of observation to physi- 
ology. 


Restoration of Faded Writings.—V ery 
often paper and parchment documents are 
illegible owing to the ink with which they 
were written having faded. The Revue In- 
dustrielle gives a very simple method of re- 


| storing to the ink its color, It is as follows: 


First, wet the paper and then pass over it 
a brush dipped in a solution of ammonia 
sulpho-hydrate. The writing quickly re- 


be welded together are brought to a white | appears, the characters being of a very deep 
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black color, In parehmeut this color is 
permanent, but in paper it is only tempo- 
rary, Old parehment chronieles in the 
Nuremberg Museum which have been treat- 
ed in this way are now as legible as when 
first they were written, though before the 
application of the process all color had 
faded out of the ink. The rationale of the 
process is, that by the action of the ammo- 
nia sulpho-hydrate, the iron of the ink is 
changed into a black sulphuret. 


An Cptieal Hlusion.—St. Simon, in his 
famous “ Mémoires,” describing the person- 
al appearance of the twelfth Duke of Albu- 
querque, characterizes his hair as “ coarse 
and green.” The question here arises, Was 
the duke’s hair really of this color, or was 
St. Simon the victim of an optical illusion ? 
That the latter was in all probability the 
fact, is shown in a communication made to 
the Paris Academy of Sciences by the ven- 
erable M. Chevreul, “the oldest student in 
Franee.” On the day when the Duke de St. 
Simon saw Albuquerque, the latter wore a 
bullock’s-bluod coat of coarse cloth, with but- 
tons of the same, and his hair hung down 
on his shoulders. “Now,” says Chevreul, “if 
we take hairs of a certain color, and arrange 
them on a red ground in parallel lines, mak- 
ing a small ribbon of them, and place beside 
them exactly similar hairs on a white ground, 
the former relatively to the latter will appear 
green. If for white we substitute orange, 
the hairs on the red ground will assume a 
bluish tint; if violet, a yellow tint; if 
green, a ruddy tint; if blue, an orange tint; 
if violet, a greenish yellow; and, finally, if 
we substitute black for the white ground, 
the hairs on the red ground will become 
whitened. In short, if we look at a broad 
surface of one simple color, we see it and 
appreciate it absolutely. If we see it in 
justaposition with another color, or, still 
better, at the centre of a broad surface of 
another color, we see it redutively, and the 
sensation produced by it will be quite 
different.” 


A Rat in the Telegraph Serviee.—A tele- 
grapb-inspector in England recently pressed 
into his service a rat under the following pe- 
culiar circumstances: It was necessary to 
overhaul a cable of wires inclesed in iron 
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tubes. A certain length of the cable had 
to be taken out of the tube, and the men 
commenced hauling at one end without 
having taken the precaution to attach to 
the other a wire by which it might be 
drawn hack into the tube after inspection 
and repairs. The question arose, how the 
cable was to be restored to its proper place; 
and here the ingenuity of the inspector was 
manifested. He invoked the aid of a rat- 
catcher, and, provided with a large rat, a 
ferret, and a ball of string wound on a 
Morse paper drum, he repaired to the open- 
ing in the tube. The “flush-boxes” were 
opened, and the rat, with one end of the 
string attached to lis body, was put into 
the pipe. He seampered away at a racing 
pace, dragging the twine with him until he 
reached the middle of the length of pipe, 
and there stopped. The ferret was then 
put in, and off went the rat again until he 
sprang clear out of the next flush-box. One 
length of the cable was thus safe, and the 
same operation was commenced with the 
other; but the rat stopped short a few 
yards in the pipe and boldly awaited the 
approach of the ferret. A sharp combat 
here commenced, and it was feared that one 
or both of the animals would die in the 
pipe. But, after sundry viclent jerks had 
been given to the string, the combatants 
separated; the ferret returned to his mas- 
ter, and the rat, making for the other ex- 
tremity of the pipe, carried the string right 
through, and so relieved the inspector from 
his anxiety. 


Behavior of Metals with Wydrogen.— 
From researches carried op conjointly by 
Messrs. Troost and Hautefeuille, and re- 
ported to the French Academy of Sciences, 
it appears that potassium, sodium, and pal- 
ladium, combine with hydrogen, while a 
considerable number of other metals merely 
dissolve this gas. Iron, nickel, and manga- 
nese, Offer striking analogies in their be- 
havior with bydrogen at different tempera- 
tures. The facility with which they absorb 
or give off hydrogen gas depends greatly 
on their physical condition. An ingot of 
pure nickel gave out in a vacuum, at a red 
heat, one-sixth of its volume of hydrogen. 
Pulverulent nickel gave out 100 times its 
volume, and remained pyrophoric after the 
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escape of the hydrogen, An ingot of co- 
balt gave out one-tenth of its volume, clee- 
trolytic lamina: of cobalt 35 times their vol- 
ume, and pyrophorie cobalt powder 100 
times. It also remained pyrophorie after 
the loss of the hydrogen. Soft iron in in- 
gots gave off one-sixth of its volume, and 
gray east-iron more than half, Electrolytic 
lamin of iron gave off 260 volumes. 


Disproportion of the Sexes in Gerziany. 
—tThe proportion of males to females in the 


population of the German Empire appears | 
to be steadily declining. In 1855 the excess | 


of females over males in what is now the 
German Empire was 348,631, which declined 
in the following nine years of peace to 
313,383 in 1864. At the end of 1866, that 
is, after the Sehleswig-Ifolstein and Austrian 
Wars, the excess was £71,885. In December, 
1871, the effects of the war with France was 
shown in an ascertained surplus female 
population of 755,875. 
years, from 1864 to 1871, the excess of fe- 
males over males in the German population 
had increased by no less than 14 per cent. 


Thus in the seven 


Although no ineonsiderable portion of this | ist 1 « 
% i i was ex ae native . 
loss to the German male population is due | *** expressed that the objectives of Gund 


to actual slaughter on the battle-field, it is 
undoubtedly caused principally by emigra- 
tion. 
checked, it would take more than one gen- 
eration to vestore the proportion between 
the two sexes in Germany to what it was 
ten years ago, 


Reduction of Obesity.—As a means of 
counteracting a tendency to obesity, and 
for reducing that habit after it has been es- 
tablished, Philbert recommends a mode of 
treatment somewhat different from that pro- 
posed by Banting. He interdicts the use 
of carbonaceous food as far as possible, and 
would augment the amount of oxygen. 
Henee the food must be nitrogenous, varied 
with a few vegetables containing no starch, 
and some raw fruit. The temperament, how- 
ever, must be taken account of; the lym- 
phatic should have a “red” dict—beef, 
mutton, venison, pheasant, ete.; the san- 
guine a “white” diet—veal, fowl, oysters, 
ete. Vegetables not sweet or farinaceous 
may be taken. 
tea with little sugar, may be used. Sugar, 
butter, cheese, potatoes, beans, etc., are for- 


Coffee without cream, and | 


, to Morse and Henry. 


Even if emigration eould now be | 
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bidden. In addition to these dietetie pre- 
cepts, Philbert recommenus favoring the 
action of the skin, supporting the walls of 
the abdomen hy the use of a tight roller, 
and taking exercise freely. As a purgative, 
intended to promote the success of the 
treatinent, the author reccommends waters 
containing sulphate of soda, 


NOTES. 


Sir Crrarves WieatsTone died at Paris, 
October 21st, at the age of seventy-three. In 
England, he is reputed to have been the in- 
ventor of the electric telegraph, but in this 
country his elaim is disputed, the credit of 
that momentous invention being assigned 
By general consent, 
he is esteemed cne of the most eminent of 
electricians. He also gained distinction by 
seientifie researehes in various other direc- 
tions, especiaily in acoustics and opties, At 
the time of his death, Prof. Wheatstone 
was Vice-President of the London Royal 
Soeiety, corresponding member of the Aca- 
démie des Sciences, Knight of the Legion 
of Honor, ete. 


In the article entitled “A Uome-made 
Microscope,” published last month, regret 


lach, of Berlin, had not been introdueed 
into this country. Since the appearance ot 
the article, we have received a note from 
Mr. James Colegrove, of Kendallville, Ind., 
stating that Gundlach, of Berlin, has for the 
past two years resided in Jersey City, where 
he eontinucs the manutacture of his ob- 
jectives 


Diep, in Jersey City, September 4th, 
Prof. Samuel D. Tillman, for many years 
Corresponding Secretary of the American 
Institute, and editor of its annual ‘ Transae- 
tions.” He was anative of Utica ; graduated 
from Union College at the age of twenty; 
studied law, and for some time was engaged 
in legal practice at Seneca Falls. About 
twenty years ago he quittcd the legal pro- 
fession and devoted bimuself to the study of 
science. Ie was an active and prominent 
member of the American Association. He 
was familiar with almost every department 
of science, and, in addition, possessed a 
great fund of general knowledge. Ile was 
the author of a treatise on the theory of 
music, originated a very ingenious chemical 
nomenclature, and proposed a new theory 
of atoms, At the time of his death he was 
in his sixty-third year. 


In an ancient mound recently opened 
near Detroit there were found a number of 
human skulls, unaccompanied by any other 
bones. Dr, Dalrymple, who described this 
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find at the Maryland Academy of Sciences, 
says that each of the skulls was pierced 
at its vertex witha hole about an inch in 
diameter; this was apparently done some 
tine after death. 


Dr. GuitnauMe-Bexzawis DUCHENNE, re- 
cently deceased, was born at Boulogne-sur- 
Mer, in 1806; graduated M. D., at Paris, in 
1831. He practised medicine for a while 
in his native town, and in 1842 came to re- 
side in Paris. He was one of the founders 
of electrotherapy. Ie studied with eminent 
success the play of the facial muscles im the 
expression of the passions, and his observa- 
tions and experiments were of great service 
to Mr. Darwin in the composition of his 
work on the “ Expression of the Emotions.” 
Not to mention his numerous contributions 
to medical journals, he was the author of 
several published works, among them a 
“Treatise on Localized Electrization ; 
“ Researehes on the Muscles of the Feet ;” 
“Mechanism of Duman Physiology ;” 
“Anatomy of the Nervous System ;” 
“ Physiology of Movement,” ete. 


Os comparing the statisties of the Ger- 
man universities for the summer semes- 
ter of 1874 with those of the same semes- 
ter of 1875, the sLllyemeine Zeitung finds a 
decrease in the number of medical stu- 
dents; it has fallen from 6,190 to 6,039. 
One of the causes of this is the fact that 
now Jewish students devote themselves, in 
great numbers, to the study of jurispru- 
dence. Until Jately, the legal career could 
hardly be said to be open to Jews in Ger- 
many, aud Lence a great number of them 
studied medicine. 


Tue California Peat Company are man- 
ulacturing peat-fuel at Roberts's Landing, 
San Joaquin County, at the rate of from 
fifty to one hundred tons per day, A re- 
cent trial of the product in the furnace of a 
steain-boiler is said, by the Scientific and 
Mining Press, to have been thoroughly sat- 
isfactory in its results, 


Tre authorities of Tufts College have | 


lengthened their philosophieal course to 
four years, at the same time giving the 
student greater freedom in the choice of 
studies, 


Accorpixe to the American Railway 
Times, the first suspension-bridge was cou- 
structed by James Finley over Jacob’s 
Creek, on the turnpike between Uniontown 
and (Greensburg, Pennsylvania, in 1796. 


Tue first shipments of tin from Tasmania 
have arrived in England. This tin is pro- 
nounced by the Mining Journal to he of ex- 
cellent quality, soft and of very good color. 
It is tree from even a trace of wolfram, so 
often found in combination with tin. 
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Tue two-hundredth anniversary of An- 
tony van Leenwenhock’s discovery of infu- 
soria was celebrated on September 8th at 
Delft, his birthplace, AN the natural his- 
tory associations of Holland were repre- 
scnted on the oeeasion, and a fund was es- 
tablished for a Leeuwenhoek gold-medal, 
worth six huudred marks, to be awarded to 
distinguished microscopists. The first re- 
cipient of this medal was Prof. Ehrenberg, 
of Berlin, the oldest microscopist of Eu- 
rope, and Leeuwenhoek’s legitimate suc- 
cessor. 


A TRIAL-TRIP was reeently made on a 
Scotch railway with a Scott-Monerieff tram- 
way-car, worked by compressed air. The 
vehicle resembles a common railway-car, 
but is a little higher, the reservoir of air 
being on the roof. The initial pressure 
was two hundred pounds, and the speed at- 
tained ten miles per hour. The car was 
fully under control; the speed eould be in- 
creased or reduced at pleasure, and the 
operations of starting, stopping, and re- 
versing, were readily performed. The esti- 
mated cast of the power is three half-pence 
per mile, as against seven penee per mile 
for horse-power. 


Tne cells in a large mushroom, weigh- 
ing four and a half pounds, were found by 
Worthington G. Smith to number 106,596,- 
000,000,000. Each of these is furnished 
with a coat or cell-wall, and contains within 
itself protoplasm, water, and other materi- 
als. These cells are so extremely light 
that in one species of fungus it takes 
1,624,320,000,000 to weigh an ounce troy. 


Tue British Association this year makes 
grants of money amounting to nearly £1,500 
in aid of scientific research. For the pros- 
ecution of researches on “ British Rain- 
fall,’ the Association voted £100, and a 
like sum respectively for the exploration of 
Settle Cave and Kent's Cavern, for a record 
of the progress of zodlogy, and an exami- 
nation of the physical characters of the in- 
habitants of the British Isles. The sum of 
£75 was voted in support of Dr. Dohrn’s 
zoological station at Naples, and £200 for 
completing and setting up in London Sir 
W. Thomson’s tide-caleulating machine. 
The number of beneficiaries is in all twen- 
ty-seven, 


Tr is proposed to hold, in 1877, at the 
Palais de l’Industrie, Paris, an exposition 
of all the applications of electricity to art, 
science, and household use. The enterprise 
is zealously patronized by men of high dis- 
tinction in the world of seience and of in- 
dustry. The necessary funds have been 
guaranteed, The committee in charge have 
their temporary headquarters at No, 86 Rue 
de la Victoire, Paris. 


SIR CHARLES WHEATSTONE, 
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THE COMPARATIVE PSYCIFOLOGY OF MAN. 
By HERBERT SPENCER. 


JQILE discussing with two members of the Anthropological In- 
stitute the work to be undertaken by its psychological section, 
T made ceriain sugeestions which they requested me to put in writing. 
When reminded, some months after, of the promise I had made to do 
this, I failed to recall the particular suggestions referred to; but, in the 
endeavor to remember them, i was led to glance over the whole sub- 
ject of comparative human psychology. Hence resulted the follow- 
Ing paper: 

That making a general survey is useful as a preliminary to delib- 
erate stndy, either of a whole or of any part, scarcely needs showing. 
Vagneness of thought accompanies the wandering about in a region 
withont known bounds or Jandmarks. Attention devoted to some 
portion of a subject, in ignorance of its connection with the rest, leads 
to untrue conceptions, The whole cannot be rightly conceived with- 
out some knowledge of the parts; and no part can be rightly con- 
ceived ont of relation to the whole. 

To map out the comparative psychology of man must also conduce 
to the more methodie carrying on of inquiries. In this, as in other 
things, division of labor will facilitate progress ; and, that there may 
be division of labor, the work itself must be systematically divided. 


We may conveniently separate the entire subject into three main 
divisions, arranged in the order of increasing specialty, 

The first division will treat of the degrees of mental evolution of 
different hnman types, generally considered: taking account of both 
the mass of mental manifestation and the complexity of mental mani- 
festation, This division will include the relations of these characters 
to physical characters—the bodily mass and strueture, and the cere 
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bral mass and structure, It will also include inquiries concerning the 
time taken in completing mental evolution, and the time during which 
adult mental power lasts; as well as certain most general traits of 
mental action, such as the greater or less persistence of emotions and 
of intellectual processes. The connection between the general mental 
type and the general social type should also be here dealt with. 

In the second division may be conveniently placed apart, inquiries 
concerning the relative mental natures of the sexes in each race. 
Under it will come such questions as these: What differences of 
mental mass and mental coinplexity, if any, existing between males 
and females, are common to all races? Do such differences vary in 
degree, or in kind, or in both? Are there reasons for thinking that 
they are liable to change by increase or deerease? What relations 
do they bear in cach ease to the habits of life, the domestic arrange- 
ments, and the social arrangements? This division should also in- 
clude in its scope the sentiments of the sexes toward one another, 
considered as varying quantitatively and qualitatively ; as well as 
their respective sentiments toward offspring, similarly varying. 

For the third division of inquiries may be reserved the more spe- 
cial mental traits distinguishing different types of men. One class of 
such specialties results from differences of proportion among faculties 
possessed in common; and another class results from the presence in 
some races of faculties that are almost or quite absent from others. 
Each difference in each of these groups, when established by compari- 
son, has to be studied in connection with the stage of mental evolu- 
tion reached, and has to be stndied in connection with the habits of 
life and the soeial development, regarding it as related to these both 
as cause and consequence, 

Such being the outlines of these several divisions, let us now eon- 
sider in detail the subdivisions contained within each, 


1.—Under the head of general mental evolution we may begin 
with the trait of— 

1. Mental Mass.—Daily experiences show us that human beings 
difter in volume of mental manifestation, Some there are whose in- 
telligence, high though it may be, prodnees little impression on those 
around ; while there are some who, when uttering even commonplaces, 
do it so as to affect listeners in a disproportionate degree. Compari- 
son of two such makes it manifest that, generally, the differenee is 
due to the natural language of the emotions. Behind the intelectual 
quickness of the one there is not felt any power of character; while 
the other betrays a momentum capable of bearing down opposition— 
a potentiality of emotion that has something formidable abont it. 
Obviously the varieties of mankind differ much in respect of this trait. 
Apart from kind of feeling, they are unlike in amount of feeling. The 
dominant races overrun the inferior races mainly in virtue of the 
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greater quantity of energy in which this greater mental mass shows 
itself. ence a series of inquiries, of which these are some: («.) 
What is the relation between mental mass and bodily mass? Mani- 
festly, the small races are deficient in it. But it also appears that 
races much upon 2 par in size—as, for instanee, an Euelishman and a 
Damara—ditter considerably in mental mass, (6.) What is its relation 
to mass of brain? and, bearing in mind the general law that, in the 
saine species, size of brain increases with size of body (though not in 
the same proportion), how fir can we connect the extra mental mass 
of the higher races with au extra mass of brain beyond that which 
is proper to their greater bodily mass? (¢.) What relation, if any, is 
there between mental mass and the physiological state expressed in 
vigor of circulation and richness of blood, as severally determined by 
mode of life and general nutrition? (¢.) What are the relations of 
this trait to the soeial state, as predatory or industrial, nomadic or 
agricultural ? 

2. Mental Complexity.—Now races differ in respect of the more or 
less involved structures of their minds will best be understood, on re- 
calling that unlikeness between the juvenile mind and the adnlt mind 
among ourselves which so well typifies the unlikencss between the 
minds of savage and civilized. In the child we sce absorption in spe: 
cial facts, Generalities even of a low order are searcely recognized ; 
and there is no recognition of high generalities. We see interest in 
individuals, in personal adventures, in doniestic affiirs; but no in- 
terest in political or social matters, We see vanity abont clothes and 
small achicvements ; but little sense of justice: witness the forcible 
wppropriation of one anothers toys. While there have come into play 
many of the simpler mental powers, there has not yet been reached 
that complication of mind which results from the addition of powers 
evolved out of these simpler ones, Kindred differences of complexity 
exist between the minds of lower and higher races ; and comparisons 
shonld be made to ascertain their kinds aud amounts. Here, too, there 
may he a subdivision of the inquiries: (@) What is the relation be- 
tween inental complexity aud mental mass? Do not the two habitu- 
ally vary together? (6) What is the relation to the social state, as 
more or less complex ?—that is to say, Do not mental complexity and 
social complexity act and react on each other ? 

3. Rate of Mental Development.—In conformity with the biologi- 
cal law, that the higher the organisms the longer they take to evolve, 
members of the inferior human races may be expected to complete 
their mental evolntion sooner than members of the superior races; 
and we have evidence that they do this. Travelers from all regions 
comment, now on the great precocity of children among savage and 
semi-civilized peoples, and now on the early arrest of their mental 
progress, Though we scarcely need more proofs that this general 
contrast exists, there remains to be asked the question, whether it is 
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consistently maintained throughout all orders of races, from the lowest 
to the highest—whether, say, the Australian differs in this respect 
from the Hindoo, as much as the Hindoo does trom the European. Of 
secondary inquiries coming under this sub-head may be named several : 
{a.) Is this more rapid evolution and earlier arrest always unequally 
shown by the two sexes; or, in other words, are there in lower types 
proportional differences in rate and degree of development, such as 
higher types show us? (4) Is there in many cases, as there appears 
to be in some cases, a traceable relation between the period of arrest 
and the period of puberty? (¢.) Is mental decay earlier in proportion 
as mental evolution is rapid? (d¢.) Can we in other respects assert 
that, where the type is low, the entire cycle of mental changes be- 
tween birth and death—ascending, uniform, descending—comes within 
2 shorter interval ? 

4. Relative Plasticity.—\s there any relation between the degree 
of mental modifiability which remains in adult life, and the character 
of the mental evolution in respect of mass, complexity, and rapidity ? 
The animal kingdom at large yields us reasons for associating an in- 
ferior and more rapidly-completed mental type with a relatively auto- 
matic nature. Lowly-organized creatures, guided almost entirely by 
reflex actions, are in but small degrees changeable by individual ex- 
periences. As the nervous structure complicates, its actions become 
less rigorously confined within preéstablished limits; and,as we ap- 
proach the highest creatures, individual experiences take larger and 
larger shares in moulding the conduct: there is an increasing ability 
to take in new impressions and to profit by the acquisitions. Inferior 
and superior human races are contrasted in this respect. Many trav- 
elers comment on the unchangeable habits of savages. The semi- 
civilized nations of the East, past and present, were, or are, charac- 
terized by a greater rigidity of custom than characterizes the more 
civilized nations of the West. The histories of the most civilized 
nations show us that in their earlier times the modifiability of ideas 
and habits was less than it is at present. And, if we contrast classes 
or individuals around us, we see that the most developed in mind are 
the most plastic. To inquiries respecting this trait of comparative 
plasticity, in its relations to precocity and early completion of men- 
tal development, may be fitly added inquiries respecting its relations 
to the social state, which it helps to determine, and which reacts 
upon it. 

5. Variability —To say of a mental nature that its actions are ex- 
tremely inconstant, and at the same time to say that it is a relatively 
unchangeable nature, apparently implies a contradiction. When, 
however, the inconstancy is understood as referring to the manifesta- 
tions whieh follow one another from minute to minute, and the un- 
changeableness to the average manifestations, extending over long 
periods, the apparent contradiction disappears; and it hecomes com- 
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prehensible that the two traits may, and ordinarily do, coexist. An 
infant, quickly weary with cach kind of perception, wanting ever a 
new objeet, which it soon abandons for something clse, and alternat- 
ing a seore times a day between smiles and tears, shows us a very 
small persistence in each kind of mental action: all its states, intel- 
leetual and emotional, are transient. Yet, at the same time, its mind 
eannot be easily changed in character, True, it changes spontane- 
ously in dne course; but it long remains incapable of receiving ideas 
or emotions beyond those of simple orders. The child exhibits less 
rapid variations, intellectual and emotional, while its edueability is 
greater, Inferior human races show us this combination, great rigid- 
ity of general character, with great irregularity in its passing mani- 
festations, Speaking broadly, while they resist. permanent modifiea- 
tion they lack intellectual persistence, and they lack emotional per- 
sistence, Of various low types we read that they cannot keep the 
attention fixed beyond a few minutes on any thing requiring thought 
even of a simple kind. Similarly with their feelings: these are less 
enduring than those of civilized men. ‘There are, however, qualifiea- 
tions to be made in this statement; and comparisons are needed to 
ascertain how far these qualifications go. The savage shows great 
persistence in the action of the lower intellectual faculties. He is 
untiring in minute observation. Ue is untiring, also, in that kind of 
perceptive activity which accompanies the making of his weapons and 
ornaments: often persevering for immense periods in carving stones, 
cte. Emotionally, too, lhe shows persistence not only in the motives 
prompting these small industries, but also in certain of his passions— 
especially in that of revenge. Ilence, in studying the degrees of men- 
tal vartability shown us in the daily lives of the different races, we 
must ask how far variability characterizes the whole mind, and how 
far it holds only of parts of the mind. 

6, Lmprlsiveness.—This trait is closely allied with the last: unen- 
during emotions are emotions which sway the conduct now this way 
and now that, without any consistency. The trait of impulsiveness 
may, however, be fitly dealt with separately, because it has other im- 
plications than mere lack of persistence. Comparisons of the lower 
human races with the higher appear generally to show that, along 
with brevity of the passions, there goes violence. he sudden gusts 
of feeling which men of inferior types display are excessive in degree 
as they are short in dnration; and there is probably a conection be- 
tween these two traits: intensity sooner producing exhaustion, Oh- 
serving that the passions of childhood illustrate this connection, let us 
turn to certain interesting questions eonecrning the decrease of im- 
pulsiveness whieh accompanies advance in evolution. The nervous 
processes of an impulsive being are less remote from reflex actions 
than are those of an unimpulsive being. Tn reflex actions we see a 
simple stimulns passing suddenly into movement: little or no control 


262 THE POPULAR SCLENCH MONTHLY, 


being exercised by other parts of the nervous system. As we ascend 
to higher actions, guided by more and more complicated combinations 
of stimah, there is not the same instantancous discharge in simple 
motions; but there is a comparatively deliberate and more variable 
adjustnient of compound motions, duly restrained and proportioned. 
It is thus with the passions and sentiments in the less devcloped 
natures and in the more developed natures. Where there is but little 
emotional complexity, an emotion, when excited by some occurrence, 
explodes in action before the other emotions have been called into 
play; and each of these, from time to time, does the like. But the 
more complex emotional structure is one in which these simpler emo- 
tions are so codrdinated that they do not act independently. Before 
excitement of any one has had time to cause action, some excitement 
has been communicated to others—often antagonistic ones—and the 
conduct becomes modified in adjustment to the combined dictates. 
ence results a decreased impulsiveness, and also a greater persist- 
ence. The conduct pursued, being prompted by several emotions 
cobdperating in degrees which do not exhaust them, acquires a greater 
continuity ; and while spasmodic foree becomes less conspicuons, there 
is an increase in the total energy. 

Examining the facts from this point of view, there are sundry 
questions of interest to be put respecting the different races of men: 
(a.) To what other traits than degree of mental evolution is impul- 
siveness related? Apart from difference in elevation of type, the 
New-World races seem to be less impulsive than the Old-World races. 
Ts this dune to constitutional apathy? Can there be traced (other 
things equal) a relation between physical vivacity and mental impul- 
siveness? (%.) What connection is there between this trait and the 
social state? Clearly a very explosive nature—such as that of the 
Bushman—is unfit for social union; and, commonly, social union, 
when by any means established, checks impulsiveness. (¢.) What 
respective shares in checking impulsiveness are taken by the feelings 
which the social state fosters—such as the fear of surrounding indi- 
viduals, the instinct of sociality, the desire to accumulate property, 
the sympathetic feelings, the sentiment of justice? These, which 
require x social environment for their development, all of them in- 
volve imaginations of consequences more or less distant; and thus 
imply ¢hecks upon the promptings of the simpler passions. Hence 
arise the questions—In what order, in what degrees, and in what com- 
binations do they come into play? 

7. One further general inquiry of a different kind may be added: 
What effect is produced on mental nature by mixture of races ? There 
is reason for believing that, throughout the animal kingdom, the union 
of varieties that have become widely divergent is physically injuri- 
ous ; while the union of slightly-divergent varieties is physically bene- 
ficial, Does the like hold with the mental nature? Some facts seem 
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to show that mixture of human races extremely unlike produces a 
worthless type of mind—a mind fitted neither for the kind of life led 
by the higher of the two races, nor for that led by the lower—a mind 
out of adjustment to all conditions of life, Contrariwise, we find that 
peoples of the same stock, slightly differentiated by lives carried on 
jn unlike circumstances for many generations, produce by mixture a 
mental type having certain superiorities. In his work on “ The Hu- 
gnenots,” Mr, Smiles points out how large a number of distinguished 
men among us have descended from Flemish and French retugees ; 
and M, Alphonse de Candolle, in his “ Histoire des Sciences ct des 
Savants depuis deux NSiécles,” shows that the descendants of French 
refngees in Switzerland have produced an unusually great proportion 
of scientific men. Thorgh, in part, this result may be aseribed to 
the original natures of such refugees, who must have had that inde- 
pendence which is a chief factor in originality, yet it is probably in 
part die to mixture of races. For thinking this, we have evidence 
which is not open to two interpretations, Prof. Morley draws atten- 
tion to the fact that, during seven hindred years of our early history, 
“the best genius of England sprang up on the line of country in 
which Celts and Anglo-Saxons came together.” In like manner, Mr. 
Galton, in his “ English Men of Science,” shows that im recent days 
these have mostly come from an inland region, running generally from 
north to south, which we may reasonably presume contains more 
mixed blood than do the regions east and west of it. Such a result 
seems probable @ prioré. Two natures respectively adapted to slight- 
ly unlike sets of social conditions may be expected by their union to 
produce a nature somewhat more plastic than either—a nature more 
impressible by the new cirenmstances of advancing social life, and 


therefore more likely to originate new ideas and display modified sen- 
timents. The comparative psychology of man may, then, fitly include 
the mental effects of mixture; and among derivative inquiries we may 
ask, Ilow far the conquest of race by race has been instrnmental in 
advancing civilization by aiding mixture, as well as in other ways? 


If—The second of the three leading divisions named at the out- 
set is less extensive, Still, concerning the relative mental natures of 
the sexes in each race, questions of much interest and importance 
may be raised: 

1. Degree of Difference between the Sexes.—It is an established 
fact that, physically considered, the contrast between males and fe- 
males is not equally great in all types of mankind. The bearded 
races, for instance, show us a greater unlikeness between the two than 
do the beardless races. Among South American tribes, men and 
women have a greater general resemblance in form, ete., than is usual 
elsewhere. The question, then, suggests itself, Do the mental natures 
of the sexes differ in 9, constant or in a variable degree? The differ- 
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ence is unlikcly to be a constant one; and, looking for variation, 
we may ask what is its amount, and under what conditions does it 
occur ? 

2. Differrnee in Muss and in Complevity.—Vhe comparisons he- 
tween the sexes, of course, admit of subdivisions parallel to those 
made in comparisons between the races, Relative mental mass and 
relative mental complexity have chiefly to be observed. Assuming 
that the great inequality in the cost of reproduction to the two sexes 
is the cause of nniikeness in mental mass, as in physical muss, this 
difference may be studied in connection with reproductive differences 
presented by the various races, in respect of the ages at which repro- 
duction conunences, und the period over which it lasts. An allied in- 
quiry may be joined with this; namely, how far the mental develop- 
ments of the two sexes are affected by their relative habits in respect 
to food and physical exertion? In many of the lower races, the 
women, treated with great brutality, are physically very inferior to 
the men; excess of Inbor and defect of nutrition being apparently 
the combined causes. Is any arrest of mental development simulta- 


neously caused ? 

3. Variation of the Differences.—U the unlikeness, physical and 
mental, of the sexes is not constant, then, supposing all races have 
dive Seed from one origimal stock, it fellow’ that there mnst have been 
transmission of aceumnlated differenees to those of the same sex in 
posterity. If, for instance, the prehistoric type of man was beardless, 
then the prodnetion of a bearded variety implies that within that va- 
riety the males continued to transmit an increasing amount of beard 
to descendauts of the same sex. his limitation of heredity by sex, 
shown us in multitndinous ways throughout the animal kingdom, 
probably apphes to the cerebral structnres as much as to other stract- 
ures, Hence the question, Do not the mental natures of the sexes in 
alien types of man diverge in unlike ways and deerces ? 

4. Causes of the Differences.—Is any relation to be traced between 
this variable difference and the variable parts the sexes play in the 
business of life? Assuming the cumulative effects of habit on fune- 
tion and strueture, as well as the limitation of heredity by sex, it is to 
be expected that, if in any society the activities of one sex, waned ation 
after generation, difter from those of the other, there will arise sexual 
adaptations of mind. Some instances in illustration may be named, 
Among the Africans of Loango and other districts, as also amoug 
some of the Indian Hill-tribes, the men and women are strongly con- 
trasted as respectively inert and energetic: the industry of the women 
having apparently become so natural to them that no coercion is 
needed. Of course, snch facts suggest an extensive series of qnes- 
tions, Limitation of heredity by sex may account both for those 
sexual differences of mind which distinguish men and women in all 
races and for those which distinguish them in each race, or each so- 
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ciety. An interesting subordinate inquiry may be, how far such men- 
tal differences are inverted in cases where there is inversion of social 
and domestic relations; as amoung those Khasi Will-tribes whose wom- 
en liave so far the upper hind that they tara off their husbands in a 
sumatiury way if they displease them. 

5. Mental Modifiability in the Two Seves,—Along with comparisons 
of races in respect to inental plasticity may go parallel comparisous of 
the sexes in each race, Is it true always, as it appears to be generally 
trne, that women are less modifiable than men? The relative con- 
servatisin of women—their greater adhesion to established ideas and 
practices—is manifest in innuay civilized and semi-civilized societies, 
Is it so among the uneivilized? A curious instance of greater adhe- 
sion to custom by women than by men is given by Dalton, as oecur- 
ting among the Juangs, one of the lowest wild tribes of Bengal, Un- 
til recently the only dress of both sexes was something less than that 
which the Hebrew legend gives to Adam and Eve. Years ago the 
men were led to adopt a cloth bandage round the loins, in place of 
the bunch of leaves; but the women adhere to the aboriginal habit: 
a conservatism shown where it night have been least expected. 

6. The Sexucl Sentiment—Results of value may be looked for from 
comparisons of races made to determine the amounts and characters 
of the higher feelings to which the relation of the sexes gives rise. 
The lowest varieties of mankind have Int small endowments of these 
feelings. Among varieties of higher types, such as the Malayo-Poly- 
vesians, these feclings seenr considerably developed: the Dyaks, for 
instance, sometimes display them in great strength, Speaking gen- 
erally, they appear to become stronger with the adyanee of eiviliza- 
tion. Several subordinate inquiries may be named: (¢.) Mow far ts 
development of the sexual sentiment dependent upon intelleetual ad- 
vanee—upon growth of imaginative power? (d.) How far is it related 
to emotional advance; and especially to evolution of those emotions 
which originate from sympathy?) What are its relations to polyandry 
and polygyny? (¢) Does it not tend toward, and is it not fostered 
by, monogamy? (d@.) What connection has it with maintenance of 
the family bond, and the consequent better rearing of children ? 


11f.—Under the third head, to which we may now pass, come the 
more special traits of the different races: 

1. Jimitativeness.—One of the characteristics in which the lower 
types of men show us a smaller departure from reflex action than do 
the higher types is, their strong tendency to mimic the motions and 
sonnds made by others—an almost involuntary habit which travelers 
find it difienlt to check. This meaningless repetition, which seenis to 
imply that the idea of an observed aetion cannot be framed in the 
mind of the observer without tending forthwith to discharge itself in 
the action conceived (and every ideal action is a nascent form of the 
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consciousness accompanying performance of such action), evidently 
diverges but little fromthe antomatie; and decrease of it is to be ex- 
peeted alony with increase of self-regulating power. This trait of 
automatic mimicry is evidently allied with that less automatic mimicry 
which shows itself in greater persistence of customs. For customs 
adopted by each generation from the last, withont thonght or inquiry, 
imply a tendency to imitate which overmasters critical and skeptieal 
tendencies: so maintahnung habits for which no reason can be given. 
The decrease of this irrational mimicry, strongest in the lowest sav- 
age and feeblest in the highest of the civilized, should be studied 
along with the successively higher stages of social life, as being at 
once an aid and a hindrance to civilization; an aid in so fur as it gives 
that fixity to the social organization withont which a society cannot 
survive; a hindrance in so far as it offers resistance to changes of 
social organization that have become desirable. 

2. Incuriosity.—Projecting our own natures into the circumstances 
of the savage, we imagine onrselyes as marveling greatly on first 
seeing the produets and appliances of civilized life. But we err in 
supposing that the savage has feelings sueh ss we should have in 
his place. Want of rational enriosity respecting these incomprchen- 
sible novelties is a trait remarked of the lowest races wherever found ; 
and the partially-civilized races are distinguished from them as ex- 
hibiting rational curiosity. The relation of this trait to the intel- 
lectual nature, to the emotional uature, and to the social state, should 
be studied. 

3. Quality of Thought.—Under this vague head may be placed 
many sets of inquiries, each of them extensive: (@.) The degree of 
generality of the ideas; (¢.) The degree of abstractness of the ideas ; 
(c.) The degree of detiniteness of the ideas; (¢.) The degree of coherence 
of the ideas; (¢.) The extent to which there have been developed such 
notions as those of class, of cause, of uniformity, of law, of truth. 
Many conceptions, which have become so familiar to us that we as- 
sume them to be the common property of all minds, are no more pos- 
sessed by the lowest savages than they are by our own children; and 
comparisons of types shonld be so made as to elucidate the processes 
by which such conceptions are reached. The development under each 
head has to be observed; (@.) Independently in its successive stages ; 
(6.) In connection with the coéperative intellectual conceptions; (¢.) In 
connection with the progress of language, of the arts, and of social 
organization, Already linguistic phenomena have been used in aid 
of such inquiries ; and more systematic use of them should be made. 
Not only the number of general words, and the, number of abstract 
words, in a people’s vocabulary should be taken as evidence, but also 
their degrees of generality and abstractness ; for there are generalities 
of the first, second, third, ete., orders and abstractions similarly as- 
cending in degree, Blue is an abstraction referring to one class of 
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impressions derived from visible objects ; color is a higher abstraction, 
referring to many such classes of visual impressions; property is a 
still higher abstraction, referring to «lasses of impressions received not 
through the eyes alone, but through other sense-organs, If generali- 
ties and abstractions were arranged in the order of their extensive- 
ness und in their grades, tests would be obtained which, applied to 
the voeabularies of the nneivilized, would yield definite evidence of 
the intellectual stages reached. 

4. Peeuliar Aptitiudes—To such specialties of intelligence us mark 
different degrees of evolution have to be added the minor ones related 
to modes of life: the kinds and degrees of faculty which have become 
organized in adaptation to daily habits—skill in the use of weapons, 
powers of tracking, quick discrimination of individual objects. And 
under this head may fitly come inquiries concerning some race-peeu- 
liarities of the zwsthetic class, uot at present explicable. While the re- 
mains from the Dordogne caves show us that their inhabitants, low as 
we must suppose them to have been, conld represent animals, both by 
drawing and carving, with some degree of fidelity, there are existing 
races, probably higher in other respeets, who seem scarcely capable 
of recognizing pictorial representations. Similarly with the musical 
faculty. Almost or quite wanting in some inferior races, we find it in 
other races, not of high grade, devcloped to an unexpected degree. 
instance the negroes, some of whom are so innately musical that, as 
T have been told by a missionary among them, the children in native 
schools, when tanght European psulin-tunes, spontaneously sing sec- 
onds to them. Whether any causes can be discovered for race-pecn- 
liarities of this kind is a question of interest. 

5. Specialties of motional Nuture.—These are worthy of careful 
study, as being intimately related to social phenomena—to the possi- 
bility of social progress, and to the nature of the social structure. Of 
those to be chiefly noted there are—(«.) Greguriousness or sociality— 
a trait in the strength of which races differ widely : some, us the Man- 
tras, being almost indifferent to social intercourse; others being un- 
able to dispense with it. Obviously the degree of the desire for the 
presence of fellow-men affects greatly the formation of social groups, 
and consequently underlies social progress. (4.) Intolerance of re- 
striint, Men of some inferior types, as the Mapuché, are ungovern- 
able; while those of other types, no higher in grade, not only submit 
to restraint, but adimire the persons exercising it. These contrasted 
traits have to be observed in connection with social evolution; to the 
early stages of which they are respeetively antagonistic and favorable. 
(e.) The desire for praise is a trait which, common to all races, high 
and low, varies considerably in degree. There are quite inferior races, 
as some of those in the Pacific States, whose members sacrifice with- 
out stint to gain the applause which lavish generosity brings; while, 
elsewhere, applause is sought with less eagerness. Notice should be 
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taken of the comection between this love ef approbation and the 
social restraints, since it plays an important part in the maintenance 
of them, (¢.) The acquisitive propensity. ‘This, too, is a trait the 
various degrees of which, and the relations of which to the social 
state, have to be especially noted. The desire for property grows 
along with the possibility of gratifying it; und this, extremely small 
among the lowest men, increases as social developement goes on, 
With the advance from tribal property to family property and indi- 
vidual property, the notion of private right of possession gains defi- 
niteness, and the love of acquisition strengthens. Each step toward 
an orderly social state makes larger accumulations possible, and the 
pleasures achievable by them more sure ; while the resulting encour- 
agement to accumulate leads to increase of capital and further prog- 
ress. This action and reaction of the sentiment and the social state, 
should be in every case observed, 

6. The ltruistic Sentiments.—Coming last, these are also highest. 
The evolution of them in the course of civilization shows us very 
clearly the reciprocal influences of the social unit and the social 
organism, On the one hand, there ean be no sympathy, nor any of the 
sentiments which syrapathy generates, unless there are fellow-beings 
around, On the other hand, maintenance of union with fellow-beings 
depends in part on the presence of sympathy, and the resulting 
restraints on conduct. Gregariousness or sociality favors the growth 
of sympathy; increased sympathy conduces to closer sociality and a 
more stable social state; and so, continnously, each increment of the 
one makes possible a further increment of the other, Comparisons of 
the altruistic sentiments resulting from sympathy, as exhibited in dit- 
ferent types of men and different social states, may be conveniently 
arranged under three heads: (#.) Pity, which should be observed as 
displayed toward offspring, toward the sick and aged, and toward 
enemies. (4.) Generosity (duly discriminated from the love of display) 
as shown in giving; as shown in the relinquishment of pleasures for 
the sake of others; as shown by active efforts on others’ behalf. The 
manifestations of this semtiment, too, are to be noted in respect of 
their range—whether they are limited to relatives; whether they ex- 
tend only to those of the same society; whether they extend to those 
of other societies; and they are also to be noted in connection with 
the degree of providence—whether they result from sudden impulses 
obeyed withont counting the cost, or go along with a clear foresight of 
the future sacrifices entailed. (e.) Justice. This most abstract of the 
altruistic sentiments is to be considered under aspects like those just 
named, as well as under many other sspects—how far it 1s shown in 
regard to the lives of others; how far in regard to their property, and 
how far in regard to their various minor claims. And the compari- 
sons of men in respect of this highest sentiment should, beyond all 
others, be carried on along with observations on the accompanying 
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social state, which it largely determines--the form and actions of 
goverment; the character of the Iuws; the relations of classes. 


Such, stated as brictly as consists with clearness, are the leading 
divisions and subdivisions under which the Comparative Psychology 
of Man may be arranged. In going rapidly over so wide a field, I 
have doubtless overlooked much that should be ineluded, Doubtless, 
too, various of the inquiries named will branch out ito subordinate 
inquiries well worth pursuing. Even as it is, however, the pro- 
gramme is extensive enough to occupy numerous investigators who 
may with advantage take separate divisions, 

Thongh, after occupying themselves with primitive arts and prod- 
ucts, anthropologists have devoted their attention mainly to the phys- 
ical characters of the human races, it must, I think, be admitted that 
the study of these yields in importance to the study of their psychical 
characters. The general conclusions to which the first set of ingni- 
ries may lead cannot so much affect our views respecting the highest 
classes of phenomena as ean the general conclusions to which the second 
set may lead. A true theory of the hnman mind vitally concerns us ; 
and systematic comparisons of human minds, differing in their kinds 
and grades, will help us in forming a true theory. Knowledge of the 
reciprocal relations between the characters of men and the characters 
of the societies they form must influence profoundly our ideas of polit- 
ical arrangements. When the interdependence of individual nature 
and social structure is widerstood, our conceptions of the changes now 
taking place, and hereafter to take place, will be rectified. A compre- 
hension of mental development as a process of adaptation to social con- 
ditions, which are continually remoulding the mind, aud are again 
remoulded by it, will conduce to a salutary consciousness of the remoter 
effects produced by institutions upon character, and will check the 
erave mischiefs which ignorant legislation now causes. Lastly, a right 
theory of mental evolution as exhibited by humanity at large, giving 
a key, as it does, te the evolution of the individual mind, must help to 
rationalize our perverse methods of education, and so to raise intelleet- 
ual power and moral nature. 


————_«e 


THE HORSESHOE NEBULA IN SAGITTARIUS. 


By EDWARD 8, HOLDEN, 


PROFESSOR IN TIE UNITED STATES NAVAL OBSERVATORY, WASHINGTON. 


N the number of Tins Porutar Science Montury for July, 1874, 

I gave a brief account of the successive observations of the great 
nebula of Orion, from 1656 to 1874, and I pointed ont how instruetive 
such an historical review was in its bearing upon the improvement of 


7O THE POPULAR SCIENCE MONTHLY. 


Nh 


our means of observation and as an example of how the standard of 
such work has been gradually raised, It will be interesting to trace 
in the same way the history of the Tforseshoe Nebula in Sagittarius, 
which, next to the great nebulosities of Orion and Andromeda, is the 
most enrious of these objeets, and which perhaps as much as any 
other deserves careful study. 

Its discovery dates back about a hundred years to the time of 
Messier, the assiduous astronomer of the Observatoire de la Marine 
at Paris; it is No. 17 of his list, which comprises most of the brighter 
and more remarkable nebula of the northern sky. It was at this time 
that Sir William Lerschel, the famous astronomer of England, with in- 
struments far superior in power to those of Messier, was forming his 
ereat catalogues of the nebule discovered in his “sweeps.” Messier 
wisely used his smaller instrument in the endeavor to obtain accurate 
positions for those found by him, and he has lett us monographie 
studies of the Orion and the Andromeda nebule (“Mémoires de 
VP Académie des Sciences,” 1771 and 1807), which are almost the first 
trustworthy works of the kind, and which are the beginnings from 
which sprang the elaborate drawings of Lassell, Rosse, Struve and 
Bond. 


8 


Ww 


N 
Fic. 1.—J. Herscuer, 1833. 


From the time of Messier to 1826, when Sir John Herschel pub- 
lished his first figure of the Orion nebula, almost nothing was done 
in this line of research; but in 1833 a study of the Horseshoe Nebula 
was published by Sir John Herschel, together with many other similar 
drawings, in the “ Philosophieal Transactions” (see Fig. 1). This was 
the first considerable and systematie attempt to accurately figure the 
nebuie, and it doubtless turned the attention of astronomers generally 
to this branch, the importance of which was manifest. If so many of 
the fixed stars changed in brilliancy and in position, why should not 
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the same thing occur among the nebulke 2 And W such changes were 
onee established, would not an important inercase of our knowledge 
acerne, concerning these objects of which almost nothing was known ? 
It was one of the avowed objects of Sir John THerschel’s celebrated 
journey to the Cape of Good Hope to fignre the nebulze of the southern 
sky, and, while there, the drawing given m Fig. 2 was made, although 
it was not published wntil 1847. 


2.—J. TERscuEL, 1837. 


Fis. 


a 
~ 


As we have said, IIerschel’s paper of 1833 created a wide-spread 
interest among astronomers, and about 1836 two monographic studies 
of the TTorseshoe Nebula were begun, under cireumstances so different 
as to deserve our attention. Lamont, the accomplished director of 
the Observatory of Munich, and Mason, an undergraduate of Yale 
College, commenced observations at about the same time: one being 
supplied with all the appHauces which were known to astrononters, 
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and devoting all his energies to his chosen science in a city which was 
then the most famous in the world for its astronomical instruments ; 
and the other, a mere boy, oppressed by narrow circumstances, work- 
ing in the intervals of his college duties with a telescope which he had 
himself constructed, with a fellow-student (Ar. Tlamiiton L. Smith) as 
his only assistant. 

The work of both astronomers (for it is impossible to deny to Mason 
that title) is of great exceHence, but it will not be claiming too much 
to assert that Muson’s was by far the most valuable monographie study 
of a nebula which had appeared, and indeed, in its thorough appre- 
ciation of the problems to be solved and in its most skillful adapta- 
tion of the existing means toward that end, it deserves to rank with 
the greatest works of this class, with Bond’s, Lassell’s, Rosse’s and 
Struve’s, It is not only in the observations themselves nor in the ex- 
qnisite and accurate drawings which accompany the memoir that we 
feel this excellence, but in the philosophical grasp of the whole sub- 
ject and the masterly appreciation of the fundamental ideas of the 
problem. IIis memoir contains so imuch that bears on this general 
aspect, that we quote from it largely, as it is too little known among 
those not professional astronomers : 


“ Although a period of nearly fifty years has now elapsed since the researches 
of the elder Herschel exposed to us the wide distribution of nebulous matter 
through the universe, we are still almost as ignorant as ever of its nature and 
intention. The same lapse of time that, among his extensive lists of double 
stars, has revealed to us the revolution of sun around sun, and given us a partial 
insight into the interna] economy of those remote sidereal systems, has been ap- 
parently insuthicient to discover any changes of a detinite character in the nebula, 
and thereby to inform us at all of their past history, the form of their criginal 
creation, or their future destiny. At the same time, the detection of such 
changes is in the highest degree desirable, since no other sources of evidence 
can be safely relied upon in these inquiries. That the efforts of astronomers 
havo thus far ended, at least, in vague and contradictory conjectures, is princi- 
pally attributable to the great difficulty of originally observing, and of describing 
to future observers, bodies so shapeless and indeterminate in their forms, with 
the requisite precision. For we cannot doubt, authorized as we are to extend 
the laws of gravitation far into the recesses of space, that these masses of dit- 
fused matter are actually undergoing vast revolutions in form and constitution. 
The main object of this paper is to inquire how far that minute accuracy which 
has achieved such signal discoveries in the allicd departinent of the double stars 
may be introduced into the observation of nebule, by modes of examination and 
description more peenliarly adapted to this end than such as can be employed 
in general reviews of the heavens... . It will conduce to a clearer under- 
standing of our object to point out, generally and rapidly, the distinctions be- 
tween our own theory of observation and that commonly adopted. It consists 
not in an extensive review, but in confining the attention to a few individuals; 
upon these exercising a long and minute scrutiny, during a succession of evenings; 
rend ering even the slightest particulars of cach nebula us precise as repeated ob- 
servaition and comparison with varied precautions can make them, and confirm- 
ing each more doubtful and Jess legible of its features by a repetition of suspi- 
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cions, Which are of weight in proportion as they accumulate 5 and, lastly, when 
practicable, correcting by comparison of the judgments of different persons at 
the same time. 

© The assistance which is rendered to the faithtul description of these remark- 
able objects by thus laying a groundwork of stars, may be well Hlustrated by 
the familiar expedient of artists, who divide any complicated engraving which 
they would eopy, into a great number of squares, their intended sketch oceu- 
pying a similar number. The stars, which are apparently interwoven through- 
ont the whole extent of the nebula, furnish a set of thickly-distribnuted natural 
points of reference, which, truly transferred to the paper, are as available as the 
cross-lines of the artist im limiting and fixing the appearance of the future 
drawing. 

“Tn nebuhke of great extent, however correctly estimated may be the stars 
immediately around the standard of reference, those m the distant parts of the 
nebula are liable to suffer from an accumulation of errors of nearly the same 
kind as that arising in an extended trigonomietrical survey. But if the places of 
the larger stars are well scttled by fixed instruments, there will be far less room 
tor error in estimations which spread, as from so many centres, over the remain- 
ing intervals, 


N 


Fic. 3.—Mason, 1830. 


“Twill here speak of a method that | hit upon for the exact representation of 
nebule, which has essentially contributed to the aeeuracy of the accompanying 
delineations. It was first suggested by the method usnally adopted tor the 
representation of heights above the sea-level on geographieal maps, by drawing 

VoL, Vui.—I1s 
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curves which represent horizontal sections of hill aud valley at suecessive eleva- 
tions above the level of the sea—that is, by lines of equal height—and it is the 
same in its principle. It is obvious that, if lines be imagined in the field of 
view, winding around through all those portions of a nebula which lave exactly 
equal brightness, these lines, transferred to our chart of stars, will give a faith- 
ful representation of the nebula and of its minutie, and of the suddenness as 
well as of the amount of transition fromm one degree of shade to another, 

\ By far the greatest obstacles to the successful comparison of modern obser- 
yations on nebule with those which own, at least, a brief antiquity, exist in the 
want of precision with which the labors of former observers have been eon- 
ducted, and hence all attempts to trace the slow progress of their changes end 
in uneertain conjectures and conflicting probabilities. I shall not, therefore, 
incur the charge of unnecessary minuteness in endeavoring to render, by every 
means, our knowledge of the present form and state of at least these few nebn- 
le, as far as possible, standard ; and, althongh laden with the necessary imper- 
tections of original observations, yet free from adventitious and unnecessary 
vagueness in the communication of them. In order to supply, to any future 
observer, those slight particulars which a chart cannot easily urge upon the 
notice of any but the original compiler, and further, to indicate the degree of 
certainty with which different features of the nebnla were recognized, it is 
thought proper to bring under this head the enumeration of various facts not 
expressed in the journal of observations. These are divided into ‘ things cer- 
tain, ‘nearly certuin, ‘strongly suspected? and * slightly suspected.” Thus 
inuch tor observation—for rendering the idea of the object as perteet as may be 
in the mind of the observer. For the most unimpaired communication of this 
idea or perception, the theory of the process adopted is brietly—1. To form an 
accurate chart of all stars capable of micrometrical measurement in and around 
the nebula, 2. From these, as the greater landmarks, to fill in with all the 
lesser stars, down to the minimum visidbile by estimation, which, with care, need 
not fall far short of ordinary measurement. 8. On this, as a foundation, to lay 
down the nebula, 

“The first intention was to intrust entirely to careful estimation the copying 
of the stars which were to form the groundwork of the nebula, since no means 
of measurement were then at hand. The following is a sketeh of the course of 
procedure adopted in pursuance of this plan: The limits of the nebula were 
traced as far as long and close examination could discern them, and a rough 
chart was made of the principal stars within it. This preparation was indispen- 
sable, becanse, in the consequent mapping down of all the visible stars in the 
nebula, it was necessary to use a light out-of-doors, and the object, of course, 
became invisible. The distance hetween any two conspienons stars favorably 
situated in the nebula was then chosen as a standard of reference; and, from 
this as a base, a kind of triangulation was carried out by the eye to all the stars 
in the neighborhood, and these were successively marked on a sheet of paper at 
the time; their magnitudes were also affixed to each according to a fictitious 
seale, for which a few stars, conveniently sitnated, furnished standards of refer- 
ence as to size, A latinp was close at hand, whose light conld be cut off at 
pleasure ; and almost direct comparison was thus institnted between the stars 
in the field of view and those on the paper, and corrections made where any 
distortions in the latter were observable. As the work advanced from night to 
night, the referenee to the lamp was necessarily less and less direct, since a 
Jonger exclusion of light was necessary to sce the fainter stars. Finally, the 
nebnla itself was drawn upon the map by the guidance of the stars already 
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copied ; and although only an oceasional and unfrequent reference could be 
inde to a lamp, the stars within it had beeome so familiar by their constant re- 
enrrence, that the memory could as easily as before retain its estimates of dis- 
tance and direction, until mutual comparison could be made between the map 
and the heavens.” 


fe will be seen what a great advanee had been made in the concep- 
tion of the application of the topographical method of contour lines 
to the delineation of degrees of brightness, although this method has 
practical limitations uot spoken of by Mason, and we must consider 
the careful separation of the various results into classes ranged accord- 
ing to their degrees of certainty, us searcely less important. In all 
former memoirs the chart included @/ the results reached, aud there 
was no searching division of these in such a way as to give absolute 
data to the future investigator. 

Throughout the entire memoir (which relates also to other nebule 
than the one now in question) the whole endeavor is to reach a per- 
fect definiteness of conception ; and Mason evidently held the idea 
that, in the existing state of astronomy, it was eminently “better to 
do one thing well than many things indifferently.” 


N 


Pre. 4.—LAMontT, 1837. 


Lamont tells us in clenelen der WL Sternwarte bei Miinchen, Band 
xvil. (1868), that his early researches on this and other nebulke were 
prosecuted in the hope that something might be determined as to their 
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real nature, and he expresses his opinion that all nebule consist essen- 
tially of clusters of stars, more or less remote, His original researches 
were published in 1837, accompanied by figures, and they are of high 
authority on this subject. We give Lamont’s figure above. These 
two drawings having been executed by diftereut observers with dit- 
ferent telescopes (Lamont’s refractor of uine inches aperture, and 
Mason’s reflector of twelve inches) will afford in the cases in which 
they agree indubituble evidence as to the evisterce of any feature’ 
shown in them. The non-existence of any feature not shown in either 
is probable, although not certain, 

Sir Jolin Hersehel’s “ Results of Astronomical Observations at the 
Cape of Good Hope” was published in 1847, and his drawing (our 
Fig. 2), in the order of publication, belongs after Fig. 4. 

In his first paper he deseribes Fig. 1 as follows: 


“ The figure of this nebula is nearly that of a Greek capital omega, 2, some- 
what distorted, and very unequaliy bright. It is remarkable that this is the 
form usually attributed to the great nebula in Orion, though in that nebula 1 
confess I can discern no resemblance whatever to the Greek letter. Messier 
pereeived only the bright eastern branch of the nebula now in question, with- 
out any of the attached convolutions which were first noticed by my father. 
The ehiet’ peculiarities which I have observed in it are—l. The resolvable knot 
in the eastern portion of the bright branch, which is, in a considerable degree, 
insulated from the surrounding nebula; strongly suggesting the idea of an ab- 
sorption of the nebulous matter; and, 2. The much feebler and smaller knot at 
the northwestern end of the same branch, where the nebula makes a sudden 
bend at an acute angle. With a view toa more exact representation of this 
curions nebula, I have at different times taken micrometrical measures of the 
relative places of the stars in and near it, by which, when laid down as ina 
chart, its Hmits may be traced and identified, 1s IT hope soon to have better 
opportunity to do than its low sitnation in this latitude will permit.” 


This opportunity was afforded him at his southern station, and his 
Vig. 2 is accordingly much more detailed, He says of it in the work 
last eited that his Fig. 1 is far from an accurate expression of its 
shape : 


“In particular the large horseshoe-shaped are . . . is there represented as 
too much elongated in a vertical direction and as bearing altogether too large 
a proportion to [the eastern] streak and to the total magnitude of the object. 
The nebulous diffusion, too, at the [western] end of that arc, forming the [west- 
ern| angle and base-line of the capital Greek omega (9), to which the general 
figure of the nebula has been likened, is now so little conspicuous as to induce 
a suspicion that some real change may have taken place in the relative bright- 
ness of this portion compared with the rest of the nebula; seeing that a figure 
of it made on Jane 25, 1837, expresses no such diffusion, but represents the are 
as breaking otf before it even attains fully to the group of small stars at the 
{western] angle of the Omega... . Under these circumstances the arguments 
for a real change in the nebula might seem to have considerable weight.° Nev- 
ertheless, they are weakened or destroyed by a contrary testimony entitled to 
much reliance. Mr, Mason, a young and ardent astronomer, .... whose pre- 


THE HORSESHOB NEBULA IN SAGITTARIUS. 277 
mature death is the more to be regretted, as he was, so far as I am aware, the 
only other recent observer who has given himself with the assiduity which the 
subjeet requires to the exact delineation of nebule, and whose figures I find at 
all satisfactory, expressly states that both the nebulous knots were well scen 
by himself and lis coadjutor Mr, Sinith on August 1, 1839, i. ¢., two years subse- 
quent to the date of my last drawing. Neither Mr. Mason, however, nor any 
other observer, appears to have had the least suspicion of the existence of the 
fainter horseshoe are attached to the [eastern] extremity of Messier’s streak, 
Dr, Lamont has given a figure of this nebula, accompanied by a description. In 
this figure four Fig. 4], the nebulous diffusion at the [western] angle and along 
the [western] base-line of the Omega is represented as very conspicuous ; indeed, 
much more so than I can persnade myself it was his intention it should appear.” 


When Lassell mounted lis great four-foot refleetor at Malta, he 
devoted much of his time to a systematic review of those nebulae 
which had previously been figured either by himself or by Rosse and 


Fria. 5.—LASsELL, 1862. 


others, and, as was expected from the excellence of the climate, the 
superiority of the great telescope and the skill of the observer, this 
series of drawings at once took its place among the acknowledged 
classics on this subject. Too much praise can hardly be given to 
Lassell for confinmg his attention principally to objects previously 
fignred, and for resisting the temptation to roam in those fields which 
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his own telescope had opened with its list of six hundred new nebule. 
And it may be remarked in passing that it is just this intelligent 
devotion to a definite ain and object which, in this case as in all, has 
led to brilliant results. We give Lasscll’s figure above, remarking 
that it was constructed, as indeed all the preceding ones had been, by 
first measuring the relative position of the brighter stars, then insert- 
ing by careful eye estimates the fainter ones, and finally by drawing 
among these stars, guided by their configurations, the details of the 
nebula itself, 

Another, and a very rapid inethod of drawing nebuke, is the fol- 
lowing. 1t yields to the first Im the accuracy of the positions of the 
stars, but it is probably even superior to it in facilities for the correct 
representation of the nebula and stars considered as one mass, A 
piece of glass is ruled carefully into squares (see Figs. 6 and 7) and 
this is placed in the focus of the telescope so as to be plainly visible; 
the telescope is then directed upon the nebula, and a cloek-work mo- 
tion is applied te the telescope so that it follows the apparent motion 
of the nebula from east to west accurately. Some one of the brighter 
stars is chosen, and it is kept by means of the clock-work accurately 
in the corner of one of the syuares. A piece of paper ruled into 
squares similar to those of the glass reticle is provided, and on it the 
observer dots down the various stars in and about the nebula. This 
may take two, three, or four nights according to circumstances, but in 
all cases it requires much less time than the micrometrie measurements 
of the brighter stars and the troublesome allineations required to tix 
the positions of the smaller stars, and it has the great advantage that 
the work enn be done in a perfectly dark field of view, whereas the 
nucrometric measures demand the use of illuminated wires at least. 
After the stars are inserted, the principal lines are put in, not only by 
the star-groups, but also by the squarcs themselves. For my own use 
{have had constructed two reticles: one red in squares like those 
seen in Figs. 6 and 7, and another in which the heavy-lined large 
sqnares (each containing nine small squares, see Fig. 6) are still pres- 
eut, but are subdivided into small squares by lines parallel to their 
own diagonals. After making all the use possible of the first reticle, 
the second is put in, and an entirely new set of reference-lines is ob- 
tained, making an angle of 45° with the old set. This, ef course, 
could be equally obtained by revolving the first reticle through an 
angle of 45°, but it is not quite so convenient. 

After the stars and the principal lines of the nebula are inserted a 
new and higher power eye-piece is used, and the drawing is concluded 
by means of this. Fig. 6 is an example of a drawing of the Horse- 
shoe Nebula made in this way by M. Trouvelot, of Cambridge, Massa- 
chusetts, the artist to whom we owe the exquisite plates of astro- 
nomical engravings published by Harvard College Observatory, under 
the superintendence of its late director, Prof. Winlock. 
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During the last suminer M. Prouvelot was invited by the suaperin- 
tendent of the United States Naval Observatory to visit Washington 
for the purpose of making drawings of nebuie, ete, by incaus of the 
twenty-six ineh Clark refractor, By the courtesy of Aduniral Dayis 


- 
ay 
ei 
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TRouveLor, 


b. 


Pua. 


- 
> 


Pam able to give a drawing of the Horseshoe Nebula as delincated 
by M. ‘Trouvetot from observations made jointly Dy hin and by 
uryselt, 

Pretty much the same method was adopted in this dy: Wing as in 
Big, 6, but the vastly more complex structnre of the nebukv itself 
what might have been expee ted from an increase of cightecn times in 
the light, over M, Trouvelot’s stx-ineh telescope, 
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From careful comparisons of different kinds, it has heen found that 
the power of the Washington telescope is about the same as that of 
Lassell’s creat four-foot refiector, and the two drawings, Figs. 5 and 
7, are therefore nearly comparable, i.e, almost as if made with the 


TrouveLor, NavAL OBSERVATORY, 1575 (26-INCH TELESCOPE). 


Fia. 


same telescope at different times. It may be said of the last drawing 
that nothing is there laid down about which the slightest doubt is 
entertained; and although, in some respects, it was made in greater 
haste than is desirable, yet it is sufficiently accurate to fonnd an argu- 
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ment on, for or against variation in the shape of any of the brighter 
portions of the nebula. 

It is hoped that enongh has been suid to show how much care, 
skill, and patience, have been spent upon these drawings, and to show, 
too, how important are the conclusions which may be drawn from 
them, Their careful discussion involves considerations which might 
he out of place here, but which are well worth general attention, A 
fnll explanation of different methods has been given in the hope that 
some of the large telescopes in various parts of the United States 
in the hands of private gentlemen may be devoted to work of this 
elass, in which it is easy for an amateur, with but a trifling expendi- 
tnre of time and labor, to produce valuable results. Provided only 
that the work be done couscientiously and faithfully, it will be a 
detinite gain to astronomy ; without such care and fidelity, it will only 


3 
imtroduce new confusion, 


_ +++ 


SCIENCE-TEACHIIING IN ENGLISH SCIFOOLS. 
By Rev. W. TUCKWELL. 


HREE times within the last twelve years a royal commission has 
reported on the science-teaching of our higher schools, Tn 1864 
the Public Schools Commission announced that from the largest and 
most famous schools of all it was practically excluded, In 1868 the 
Endowed Schools Commission declared that the majority of school- 
teachers had accepted it as part of their school-work. The Science 
Commissioners of 1875, in their sixth report, on “Science-Teaching in 
Schools,” testing this statement by inquiry, state that of 128 endowed 
schools examined by them not one-half has even attempted to intro- 
duce it, while of these only 13 possess a laboratory, and only 10 give 
to the subject as much as four hours a week, And this statement is 
curiously illustrated by the statistics of the recent Oxtord and Cam- 
bridge school examination, which show that ont of 461 candidates for 
certiticates, from 40 first-class schools, while 438 boys took up Latin, 
433 Greek, 155 elementary mathematics, 305 history, only 21 took 
up mechanics, 28 chemistry, 6 botany, 15 physical geography. 

In a volume whose research and condensation make it not only a 
monument of coniscientions toil, but an invaluable hand-book to all 
who are laboring to work out practically the great problem of which 
it treats, the commissioners investigate the obstacles which have 
caused the endowed schools to defy the weighty recommendations 
of former commissions, the unanimous verdict of educational authori- 
ties outside the scholastic profession, and the inereasingly urgent 
demands of English pnble opinion. They find the school-masters’ 
excuses to be threefold: absence of funds, want of time, and skepti- 
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cisin as to the edneational value of science in comparison with other 
subjects. A large portion of the appendix is devoted to the consider- 
ation of these difiiculties ; to sifting the allegations on whieh they 
rest, and to balancing against thein the experience of those teachers 
who have faced and suecessfully met them, Showing in detail the 
comparatively trifling cost at whieh indispensable apparatus can be 
obtained, the commissioners nevertheless adinit the rarity, im the 
present state of English culture, either of independent science-teachers 
snited to the larger schools, or of men, such as poorer schools desid- 
crate, combining literary with scientilic knowledge. This, however, 
is un evil of the past rather than of the future, sinee not the least 
unong the advantages expected from a reformed system of sehool- 
teaching is Uhe creation of a race of able teachers, general as well as 
special, The relative value of science as an implement of mental 
training js next diseussed. Its peculiar excellence is brictly vindi- 
eated, as cultivating, Ina way attainable by no other means, the habits 
of observation and expernnent, of classification, arrangement, method, 
judgment ; and its suitability to the capacities of the very youngest 
boys is testified to by Faraday, Hooker, Rolleston, Carpenter, and Sir 
W. Thomson. Lastly, it is shown that, if this be so, the argument 
from want of time is no argument at all; that the hours are already 
wasted which condemn the half of 2 boy’s faculties to stagnation, and 
render education one-sided and incomplete; and that the claims of 
dificrent branches of instruction may be easily adjusted by economy 
of time, improvement in methods, and excision of superfluous studies. 

On a review of all these objections and of the answers offered to 
them, and taking into account the dicta of former commissioners and 
the practice of other countries, the report advises that literature, 
mathematies, and scicnee, should be the aceepted svlyjects of education 
up to the time at which boys leave school, and should all three be 
made compisory in any school-leaying-examimation or university 
matriculation; but that after entering the university students should 
be left to choose for themselves among these lines of study, and 
necd pass no subsequent examination in subjects other than the one 
which they select. As regards the teaching of science, they recom- 
mend that it shonld commence with the beginning of the school 
career; that not less than six honrs a week should be devoted to it, 
and that in all school examinations as wnch as one-sixth of the marks 
should be allotted to it. 

These recommendations possess the two great excellences of au- 
thoritativeness and clearness, They are supported by a host of expe- 
rienced witnesses, as well as by the eminent names whose signatures 
follow them, Their ideal of school edneation is simplicity itself. The 
supremacy of classics is to be dethroned; the artifices of stratifica- 
tion and bifurcation are to be disearded ; literature, mathematics, and 
science are to share a boy’s intellect between them from the very first, 
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until a leaving-examination which shows bis progress to bave been 
satistactory in all three sets him free to follow his inclination by pur- 
suing exclusively the subject which suits him best; happy sinee emi- 
uence in that one will uot have been purchased by entire ignorance 
of all the others. Unfortunately, though most necessarily—tfor this 
report concerns schools ouly—the curtain drops upon this tuteresting 
moment of transition, shutting out of view the Influence which uni- 
versity scholarships and exhibitions exercise upon school-work, aud 
thus ignoring an obstacle to the realization of the prograuune far 
greater than want of money, want of time, or want of appreciation, 
in the schools themselves. 

What is the avowed object and purpose of the higher English 
school edueution? Is it the even and progressive development of 
young minds? the strengthening in equal propartion of the faculties 
of imagination, memory, reason, observation ? the opening doors of 
knowledge in the plastic time of youth, which if not opened then wili 
be fast closed in later years by the pressure of active work, or habit- 
ual exclusiveness, or energies puralyzed through disuse 2 Nething of 
the kind. It is constrneted cutirely with the aim of winntmg certain 
prizes; for scholarships with which a costly university bribes men to 
come to it for education; for class-Hsts leading up to college fellow- 
ships; for the lucrative posts of amilitary and civil service, Tr all 
these, but most of all where the universities ean determine the ordeal, 
one principle of success has been established, and that principle iy one- 
sidedness. The candidate for India, for Woolwich, tor Coopers Hill, 
must at un early age select certain subjects and throw overboard all 
the rest. The childish aspirant to the entrance scholarships of a public 
school is placed in the hands of a crammer at eight years old, that at 
thirteen he may turn ont Latin verses as a Buddhist prayer-mill turns 
out prayers, and may manifest, as a distinguished head-master has 
lately suid, to the eye of a teacher searching for intelligence, thought- 
fuincss, promise, intenseness, ‘a stupidity which is absolutely appall- 
ing.” His seholarship won, he is pledged to pursue a course whose 
benefits are tangible and its evil consequences remote, The universi- 
ties have stamped upon all the schools one deep certainty, that for a 
boy to be “all around,” as it is called, is the irremissible sin; that 
a school-master who teaches with referenee to intellectual growth and 
width of culture sacrifices thereby all hope of the distinctions which 
make a school famous and increase its numbers. Ifa classical scholar- 
ship is desired, science aud mathematics are abandoned: nay, the 
palm of literary excellence is conceded cven to men ignorant of the 
noblest literature in the world, their own birthright and inheritance, 
and knowing less of the history and strueture of the English linguage 
than a fourth-form boy knows of Greek. If mathematical suecess is 
aimed at, literature and science are ignored; if the few science scholar- 
ships existing tempt candidates from any of “the thirteen schools 
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which possess a laboratory,” mathematics in part and literature alto- 
gether mnst be given up. It would be waste of words to point out 
the fatal tendency of this separative process; to show how mere lin- 
guistie traming needs the rationalizing aid of scientific study, or how 
exclusive science hardens and materializes without the refining socicty 
of literature; yet such divorce is inevitably due not to the convictions 
of school-masters, not to the influence of parents, not to the preposses- 
sions of the public, but to the irresistible force of the university sys- 
tem, which makes narrowness of intelligence and impertect knowledge 
the only avenues to distinction or to profit. 

It is true that an attempt to alter this involves little short of a 
revolution; bat by all accounts a revolution is at hand. It is not for 
nothing that a parliamentary mvestigation into the expenditure of 
college cndowments should have been supported by members of the 
colleges themselves, or that a proposal to distribute college scholar- 
ships and exhibitions by a central authority in accordance with the 
results of the leaving-examination should have emanated from emi- 
nent university teachers. For it camiot be too strongly urged that 
college scholarships stand on very different ground from university 
prizes or degrees. It is easy for Parliament to lay down rules which 
shail control the latter once for all; it is not easy to bind the actions of 
some forty different foundations, each electing its own scholars aecord- 
ing to its own idiosynerasies, or in obedience to the changing wills of 
bodies ina perpetual state of flux. It may still be audacious, but it 
is no longer novel, to suggest that, supposing future legislation to re- 
tain the college scholarships at all, they should be awarded by the 
authority of government, in strict connection with leaving-examina- 
tions which government shall conduct, and in reward not of special 
but of general proficiency. For this the scheme of the commission- 
ers virtnally contends; into regions beyond this the report before us 
necessarily does not enter. 

It will be seen that we accept, and recommend all teachers to ac- 
cept, the scheme of the commissioners unreservedly as a working basis 
of edneational improvement. It may not be ideally perfect ; it may 
invite opposition on points of detail; but it is the resultant of all the 
intelleetual forees which have hitherto been brought to bear upon the 
subject ; and, while agreeing with all its witnesses on the principle 
that wide general training should precede specialization of study, it 
attains extreme simpheity of arrangement by allotting the first of 
these to the sehools and the last to the universities. Do not let us 
forget that the ery which has arisen hitherto from all the head-masters 
on the point of scientific teaching has been a ery for guidance ; for 
commanding and intelligent leadership; for authoritative enlighten- 
ment as to the relative value and the judicious sequence of scientitic 
subjects ; for information as to text-books, apparatus, teachers, For 
the first time this cry is met by an oracle whose authority no one will 
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question, and whose completeness of delivery ail who study its utter- 
ances will appreciate. School-masters anxious to teach science, und 
doubtfiu how to set about it, will meet all the facts whieh can enlighten 
them in the appendices to the report. They will find lists of acered- 
ited text-books, specimens of examination-papers, varieties of school 
time-tables, priced catalogues of apparatus, syHabi of lectures and 
experiments, botanical schedules and tables, plans and descriptions of 
laboratories, workshops, museums, botanic gardens ; programmes and 
reports of school, scientific, and natural history societies, They will 
learn how costly a temple could be built to science at Rugby, and 
how modestly it could be housed at Taunton, They will see how Mr, 
Foster teaches physics, how Mr. Hale teaches geography, how Mar. 
Wilson teaches Erdkunde, And they will accept all this as coming 
from men who have a right to speak, and who wield an experience 
such as has not been amassed before, On any legislative change 
which impends over the system and the endowments of the higher 
English edueation, the body of scientific opinion is strong enough, if 
united, to impress its own convictions; disunion alone can paralyze it, 
All who feel the discredit of past neglect, its injury to our national , 
intellect, and its danger to our national prosperity, will do well to 
support by unqualified adhesion the first attempt that has been made 
to probe its causes, and the first consistent and weil-considered scheme 
that has been put forth for its removal.—.Vature. 
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MODERN BIOLOGICAL INQUIRY. 
By Da. JOWN L. LE CONTE, 


HE founders of science in America, and the other great students 
of Nature, who have in previous years oeenpied the elevated 
position in which I now stand, have addressed you upon many mo- 
mentous subjects. In fulfilling the final duty assigned to your Presi- 
dents by the laws of the Association, some have spoken to you in 
solemn 2nd wise words concerning the duties and privileges of men 
of science, and the converse duties of the nation toward those carnest 
and disinterested promoters of knowledge. Others, agnin, have given 
you the history of the development of their respective branches of 
study, and their present condition, and have, in eloquent diction, eon 
mended to your gratitude those who have established on a firm 
foundation the basis of our modern systems of investigation. 
The recent changes in our constitution, by which you are led to 
? Address of the retiring President delivered at the Detroit mecting of the Americar. 
Association for the Advancement of Science. 
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expect from your two Vice-Presidents, and from the chairman of the 
Chemieal Subsection, addresses on the progress made during the past 
year, restrain me from invading their peculiar fields of Inhor, by 
alluding to scientific work which has been accomplished since our last 
meeting. While delicacy forbids me from so doing, IT am equally 
debarred from repeating to you the briet sketch I endeavored to give 
at a former mecting,’ of the history and present condition of entomol- 
ogy in the United States. 

But it has appeared to me that a few thonghts, which have im- 
pressed themselves on my mind, touching the future results to be 
obtained from certain classes of facts, not yet fully developed, on 
account of the great labor required for their proper comparison, may 
not be without value. Even if the facts be not new to you, I hope to 
he able, with your kind attention, to present them in such way as to 
he suggestive of the work yet to be done. 

It has been perhaps said, or at least it has been often thought, that 
the first mention of the doctrme of evolution, as now admitted to 
a greater or less degree by every thinking man, is found in Ecclesi- 
ustes 1.9: 

“The thing that hath been, is that which shall be: and that which is done, is 
that which shall be done: and there is no uew thing under the sun. Is there 
any thing whereof it may be said, See, this is new? It hath been already of old 


time, which was before us.” 

Other references to evolutionary views in one form or another 
occur in the writings of several philosophers of classic thes, as you 
have had recent cause to remember. 

Whether these are to be considered as an expression of a perfeet 
trnth in the very imperfect language which was alone intelbgible to 
the nation to whom this sacred book was immediately addressed on 
the one hand, and the happy guesses of philosophers, who by deep 
intuition had placed themselves in close sympathy with the material 
universe, on the other hand, F shall not stop to inquire, The diseus- 
sion would be profitless, for modern scicuee in no way depends for its 
mnrenificent trinmphs of fact and thonght upon any utterances of the 
ancients. It is the erention of patient, intelligent labor of the last two 
centuries, and its resuits can be neither confuted nor confirmed by any 
thing that was said, thorebt, or done, at an earlier period, I have 
merely referred to these indications of doctrines of evolution to re ral 
to your minds that the two great schools of thonght, which now 
divide philosophers, have existed from very remote times. ‘They are, 
therefore, in their origin, probably independent of correct scientific 
knowledge. 

You have learned from the geologists, and mostly from those of 


1 Proceedings of the American Association for the Advancement of Science, Section 
xxi. (Portland). 
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the present century, that the strata of the earth have been successively 
formed from fragments more or less comminuted by mechanical action, 
more or less altered by chemical combination and molecular rear- 
rangenent. These fragments were derived from strata previously 
deposited, or from material brought up from below, or even thrown 
down from above, or from the débrés of organic beings which ex- 
tracted their mineral constituents from surrounding media. Nothing 
new has been added, every thing is old; only the arrangement of the 
parts is new, but in this arrangement definite and recognizable un- 
changed fragments of the old frequently remain. Geological observa- 
tion is now so extended and accurate that an experienced student can 
tell from what formation, andeven trom what particular locality, these 
fragments have been derived. 

T wish to show that this same process has taken place in the or- 
ganic world, and that by proper methods we can discover i onr fauna 
and flora the remnants of the inhabitants of former geologic times, 
which remain unchanged, and have escaped those influences of varia- 
tion which are supposed to account for the differences in the organic 
beings of different periods. 

Should I sueceed in this effort, we shall be hereafter enabled, in 
groups of animals which are rarcly preserved in fossil condition, to 
reconstruct, in some measure, the otherwise extinct fauum, and thus 
to have a better idea of the sequence of generic forms in time. We 
will also have confirmatory evidence of certain changes which have 
taken place in the outline of the land and the sea, More important 
still, we will have some indications of the time when greater changes 
have occurred, the rock evidence of which is now buried at the bottom 
of the ocean, or perhaps entirely destroyed by erosion or separations, 
Of these changes, which involved connections of masses of land, no 
surmise could be made, except through evidence to be gained in the 
manner of which Tam about to speak. 

My illustrations will naturally be drawn from that branch of 
zoology with which Iam most familiar; and it is indeed to your too 
partial estimate of my studies in that science that I owe the privilege 
of addressing you ou the present occasion. 

There are, as you know, a particular set of Coleoptera which affect 
the sea-shore; they are not very nmmerons at any locality, but among 
them are genera which are represented in almost every country of the 
globe. Such genera are called cosmopolitan, in distinction to those 
which are found only in particular districts. Several of these genera, 
contain species which are very nearly allied, or sometimes in fact un- 
distinguishable and therefore identical along extended lines of coast. 

Now, it happens that some of these species, though they never 
stray from the ocean-shore inland, are capable of living upon similar 
beaches on fresh-water Lakes, and a few are found in localities which 
are now quite inland. 
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To take an example, or rather several examples together, for the 
force of the illustration will be thereby greatly increased, 

Along the whele of the Atlantic, and the greater part of the Pa- 
citie coust of the United States, is found in great abundance, on sand- 
beaches, a specics of tiger-beetle, Cleiidelu hirticollis, an active, 
winged, and highly-predaccous insect; the same species oceurs on the 
sand-beaches of the Great Lakes, and, were it contined to these and 
similar localities, we would be justified in considering it as living there 
in consequence solely of the resemblance in the conditions of existence. 
But, it is also found, though in much less abundanee, in the now ele- 
vated region midway between the Mississippi and Rocky Mountains, 
Now, this is the part of the continent which, after the division of the 
great intercoutinental gulf in Cretaceous times, finally emerged from 
the bed of the sea, and was in the carly and middle Tertiary converted 
into a series of immense fresh-water lakes. As this insect does not 
occur in the territory extending from the Atlantic to beyond the 
western boundary of Missouri, uor in the interior of Oregon and Cali- 
fornia, T think that we should inter that it is an unchanged survivor 
of the species which lived on the shores of the Cretaceous occan, when 
the intercontinental gulf was still open, and a passage existed, more- 
over, toward the southwest, which connected with the Pacific. 

The example L have given you of the geographical distribution of 
Cicindele hirticollis would be of sunall value, were it an isolated ease ; 
nor would T have thought it worthy of cecupying your time, on an 
oeeasion like this, which is justly regarded as one for the commmnica- 
tion of important truth. This inseet, which I have selected as a type 
for illustrating the methods of investigation to which I invite yonr 
attention, is, however, accompanied more or less closely by other 
Coleoptera, which like itself are not particular as to the nature of their 
food, so long as it be other living insects, and apparently are eqnally 
indifferent to the presence of large bodies of salt-water. First, there 
is Cletndela lepida, first collected by my father, near Trenton, New 
Jersey, atterward found on Coney Island, near New York, and re- 
ceived by me from Kansas and Wisconsin; not, however, found west 
of the Rocky Mountains. This species, thns oeeurring in isolated and 


distant Joealities, is probably in process of extinction, and may or may 
not be older than C. Airticollis. Tam disposed to believe, as no rep- 
resentative species ocenrs on the Pacitie coast, and from its peculiar 
distribution, that it is older, Second, there is Dysehirius pullipennis, 
a small Carabide, remarkable among other species of the genus by the 
pale wing-covers, usually ornamented with a dark spot, This insect 
is abundant on the Atlantic coast, from New York to Virginia, un- 
changed in the interior parts of the Mississippi Valley, represented at 
Atlantic City, New Jersey, by a larger and quite distinct specific 
form, C. sellatus, and on the Paeitie coast by two or three species of 
larger size and different shape, which in my less experienced youth I 
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was disposed to regard as a separate genus, lAephorus, This form is, 
therefore, in a condition of evulution—how, I know not—our deseend- 
ants may. The Atlantic species are winged; the Pacific ones, like a 
large nninber of insects of that region, are without wings. 

Accompanying these are Coleoptera of other families, which have 
been less carefully studied, but I will not trespass upon your patience 
by mentioning more than two. Dledius pallipennis (Stuphylinida) is 
found on salt marshes near New York, on the Southern sea-coast, and 
in Kansas; Ammodonus fossor, a wingless Tencbrionide, Trenton sea- 
shore near New York, and valley of the Mississippi at St. Louis; thus 
nearly approximating Cleindela lepidu in distribution, 

We can thus obtain by a careful observation of the localities of 
insects, especially such as affect sea-shore or marsh, and those which, 
being deprived of their favorite surroundings, have shown, if I may 
so express inyself, a patriotic clinging to their native soil, most valu- 
able indications in regard to the time at which their unmodified ances- 
tors first appeared upon the earth. For it is obvious that no tendency 
to change in different directions by “numerous suecessive slight 
modifications” ! would prodnee a uniform result in such distant locali- 
ties, and under such varied conditions of life. Properly studied, these 
indications are quite as certain as though we found the well-preserved 
remains of these ancestors in the mud and sand strata upon which 
they flitted or dng in qnest of food. 

Other illustrations of survivals from indefinitely more remote times 
I will also give you, from the Coleopterous fauna of onr own country, 
though passing time admonishes me to restrict their number. 

To make my remarks intelligible, I must begin by saying that 
there are three great divisions of Coleoptera, which I will name in the 
order of their complication of structural plan: 1. Rhynehophora; 2. 
Heteromera; 3. Ordinary or normal Coleoptera; the last two being 
more nearly allied to each other than either is to the first. [have in 
other places exposed the characters of these divisions, and will not 
detain you by repeating them. 

From paleontological evidence derived from other branches of 
zodlogy, we have a right to suppose, if this classification be correct, 
that these great types have been introduced upon the earth in the 
order in which I have named them. 

Now, it is precisely in the first and second series that the most 
anomalous instances of geographical distribution oceur; that is to 
say, the same or nearly identical genera are represented by species in 
very widely-separated regions, without occurring in intermediate or 
contiguous regions. Thus there is a genus £imeax, founded by Mr. 
Pascoe, upon an Australian species, which, when I saw it, ] recognized 
as belonging to Wyctoporis, a California genus, established many 
years before; and, in fact, barely specifically distinct from MW. galeata, 

1 “Origin of Species,” 1869, p. 227. 
VOL, V1Iul.—19 
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Two other examples are Ofhnius and Lupleurida, United States 
genera, which are respectively equivalent to LJacatis and Jschalia, 
found in Borneo. Our native genera Furygenius and Zoposcopus 
are represented by searecly different forms in Australia. All these 
belong to the second series (J/eteromera), and the number of exam- 
ples might be greatly increased with Jess labor on my part than 
patience on yours. 

A single example from the Rhynchophora, and I will pass to an- 
other subject. 

On the sea-coast of California, extending to Alaska, is a very 
anomalous insect, whose aflinities are difficult to discern, called in- 
phyastes fucicola, from its occurrence under the sea-weed cast up by 
the waves. It is represented in Anstralia by several species of a 
nearly allied genus, dpAcla, found in similar situations. 

In all entomological investigations relating to geographical distri- 
bution, we are greatly embarrassed by the multitude of species, and by 
the vagne and opinionative genera founded upon characters of small 
importance. The Coleoptera alone, thns far described, amount to 
over 60,000 so-called species, and there are from 80,000 to 100,000 in 
collections, Under these circumstances it is quite impossible for one 
person to command either the time or the material to master the 
whole subject, and, from the laudable zeal of collectors to make known 
what they suppose to be new objects,an immense amount of synonymy 
must result. Thus in the great “ Catalogus Coleopterorum ” of Gem- 
minger and Tlarold, a permanent record of the untiring industry of 
those two excellent entomologists, species of the genus Zrechicus, 
founded by me upon a small North American imsect, are mentioned 
under five generic names, only one of whichis recognized as a syno- 
nymof another. These generic headings appear in such remote pages 
of the volume as 135, 146, and 289, 

The two closely-allied genera of Rhynehophora mentioned above 
are separated by no less than 168 pages. 

It is therefore plain that, before much progress can be made in 
the line of research which I have proposed to you, whereby we may 
recover important fragments of the past history of the earth, ento- 
mology must be studied in a somewhat different manner from that 
now adopted. The necessity is every day more apparent that de- 
scriptions of heterogeneons material are rather obstructive than bene- 
ficial to science, except in the case of extraordinary forms likely to 
give information concerning geographical distribution or classifica- 
tion. Large typical collections affording abundant material for com- 
parison, for the approximation of allied forms, and the elimination of 
doubtful ones, must be accumulated, and, in the case of such perish- 
able objects as those we are now dealing with, must be placed where 
they can have the protecting influences both of climate and personal 
care, 
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At the same time, for this iuvestigation, the study of insects is 
peculiarly snitable; not only on account of the small size, ease of 
collecting, and little cost of preserving the specimens, but because 
from their varied mode of life in different stages of development, and 
perhaps for other reasons, the species are less likely to be destroyed 
in the progress of geological changes.* Cataclysms and submer- 
gences, which would annihilate the higher animals, would only float 
the temporarily asphyxiated insect, or the tree-trunks containing the 
larve and pupe, to other neighboring lands. However that may be, 
Ihave given you some grounds for believing that many of the spe- 
cies of insects now living existed in the same form before the appear- 
ance of any living genera of mammals, and we may suppose that their 
unchanged descendants will probably survive the preseut mammalian 
fauna, including our own race. 

I may add, moreover, that some groups, especially in the Rhyncho- 
phora, which, as I have said above, I believe to be the earliest intro- 
duced of the Coleoptera, exhibit with compact and definite limits, and 
clearly-detined specific characters, so many generic moditications, that 
Tam compelled to think that we have in them an example of the long- 
sought, unbroken series, extending in this instance from early meso- 
zoic to the present time, and of which very few forms have become 
extinet, 

I have used the word species so often, that you will doubtless be 
inelined to ask, What, then, is understood by a species? Alas! I can 
tell you no more than has been told recently by many others. It is 
an assemblage of individuals, which differ from each other by very 
small or trifling and inconstant characters, of much less value than 
those in which they differ from any other assemblage of individnals. 
Who determines the valne of these characters? The experienced 
student of that department to which the objects belong. Species are, 
therefore, those groups of individuals representing organic forms 
which are recognized as such by those who from natural power and 
education are best qualified to judge. 

You perceive, therefore, that we are here dealing with an entirely 
different kind of information from that which we gain from the phys- 
ical sciences; every thing there depends on accurate observation, 
with strict logical consequences derived therefrom. Jlere the basis 
of our knowledge depends equally on accurate and trained observa- 
tion, but the logic is not formal but perceptive. 

This has been already thoronghly recognized by Huxley? and 

1For a fuller discussion of these causes, and of several other subjects which are 
briefly mentioned in this address, the reader may consult an excellent memoir by my 
learned friend Mr. Andrew Murray, “On the Geographical Relations of the Chiet’ Co- 
leopterous Faune.”—(Journal of Linncun Society, Zodlogy, vol. xi.) 

? “(4 species is the smallest group to which distinetive and invarialle characters ean 


be assigned.” (‘Principles and Methods of Paleontology,” Smithsonian Report, 1869, 
p. 378.) 
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Uelmholtz,’ and others, but we may properly extend the inquiry into 
the nature and powers of this wsthetic perception somewhat further. 
For it is to this fundamental difference between biological and physical 
sciences that I will especially invite your attention, 

Sir John Lubbock,’ quoting from Oldfield,’ mentions that certain 
Australians “were quite unable to realize the most vivid artistic 
representations. On being shown a picture of one of themselves, one 
said it was a ship, another a kangaroo, not one in a dozen identifying 
the portrait as having any connection with himself” 

These human beings, therefore, with brains very similar to our own, 
and, as is held by some persons, potentially capable of similar cultiva- 
tion with ourselves, were unable to recognize the outlines of even such 
familiar objects as the features of their own race. Was there any 
fault in the drawing of the artist ? Probably not. Orin the eye of 
the savage? Certainly not, for that is an optical instrument of toler- 
ably simple strueture, which cannot fail to form on the retina an ac- 
curate image of the object to which it is directed. Where, then, is the 
error? It is in the want of capacity of the brain of the individual (or 
rather the race in this instance) to appreciate the resemblance between 
the ontline, the relief, the light and shade of the objeet pictured, and 
the flat representation in color; in other words, a want of “artistie 
tact”? or wsthetic perception. 

A higher example of a similar phenomenon I have myself seen: 
many of you too have witnessed it, for it is of daily occurrence. It is 
when travelers in Italy, having penetrated to the inmost chamber of 
the Temple of Art, even the hall of the Tribune at Florence, stand in 
presence of the most perfect works of art which it has been given to 
man to produce, aud gaze upon them with the same indifference that 
they would show to the conceptions of mediocre artists exhibited in 
our shops. 

Perhaps they would even wonder what one can find to admire in 
the unrivaled collection which is there assembled, 

There is surely wanting in the minds of such persons that high, 
resthetic sense, which enables others to enter into spiritual harmony 
with the great artists whose creations are before them. 

Creations I said, and I use the word intentionally. If there is one 
power of the human soul which, more nearly than any other, ap- 


1“T do not mean to deny that, in many branches of these sciences, an intuitive per- 
ception of analogies and a certain artistic tact play a conspicuous part. In natural his- 
tory .... it is left entirely to this tact, without a clearly definable rule, to determine 
what characteristics of species are important or unimportant for purposes of classifica- 
tion, and what divisions of the animal or vegetable kingdom are more natural than 
others.” (“ Relation of the Physical Sciences to Science in General.” Smithsonian Re- 
port, 1871, p. 227.) 

2“ Prehistoric Times,” p. 440. 

3“On the Aborigines of Australia.” Transactions of Ethnological Society, New 
Series, vol. iii. 
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proaches the faculty of creation, it is that by which the almost in- 
spired artist develops out of a rude block of stone, or out of such 
mean materials as canvas and metallic pastes of various colors, figures 
which surpass in beauty, aud in power of exciting emotion, the objects 
they profess to represent. 

Yet these unesthetie and non-appreciative persons are just as highly 
edueated, and in their respective positions us good and useful mem- 
bers of the social organism, as any that may be found. T imaintain 
only, they would never make good students of biology. 

{In like manner, by way of illustrating the foregoing observations, 
there are some who, in looking at the phenomena of the external uni- 
verse, may recognize only chance, or the “fortuitous concourse of 
atoms,” producing certain resultant motions. Others, having studied 
more deeply the nature ot’ things, will perecive the existence of laws, 
binding and correlating the events they observe, Others, again, not 
supertor to the latter in intelligence, nor in power of investigation, 
may diseern a deeper relation between these phenomena and the in- 
dications of an intellectual or wsthetic or moral plan, similar to that 
which inflnences their own actions, when direeted to the attaining ofa 
particular result. 

These last will recognize in the operations of Nature the direetion 
of a human intelligence, greatly enlarged, capable of modifying at its 
will influences beyond our control; or they will appreciate in them- 
selves a resemblance to a superhuman intelligence which enables them 
to he in sympathy with its actions, 

Either may be true in individual instances of this class of minds; 
one or other must be true; I care not which, for to me the propositions 
are in this argument identical, though in speculative discussions 
they may be regarded as at almost the opposite poles of religious he- 
lief. All that I plead for is, that those who lave not this perceptive 
power, and who in the present condition of scientific discussion are 
numerically influential, will have tolerance for those who possess it ; 
and that the ideas of the latter may not be entirely relegated to the 
domain of superstition and enthusiasm. 

In the case of the want of perception of the Australian, a very 
simple test can be applied. It is only to photograph the object rep- 
resented by the artist, and compare the outlines and shades of the 
photograph with those of the picture. If they accord within reason- 
able limits, the picture is correct to that extent; at least, however bad 
the artist, the human face could never be confounded with a ship or 
a kangaroo. 

Can we apply a similar test to the works of Nature? I think we 
can, Suppose that manu—I purposely use the singular noun to indi- 
eate that all human beings of similar intelligence and education work- 
ing toward a definite end will work in a somewhat similar manner— 
suppose, then, I say, that man, endeavoring to carry out some object 
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of importanee, devises a method of so doing, and creates for that pur- 
pose a series of small objects, and we find that these small objects 
naturally divide aud distribute themselves in age and locality, in a 
siinilar manner to that in which the species of a group of organisms 
ave divided in space, aud distributed in time; and that the results of 
man’s labor are thus divided and distributed on account of the neces- 
sary inherent qualities of his intelligence and methods of action—is 
not the resemblance between human reason and the greater powers 
which control the manifestations of organie Nature apparent ? 

IT now simply present to you this investigation, Time is wanting 
for me to illustrate it by even a single example, but I feel sure that I 
have in the minds of some of you already suggested several applica- 
tions of tt to the principle I wish to teach: the resemblance in the dis- 
tribution of the works of Nature to that of human contrivances evolved 
for definite purposes. 

Hf this kind of reasoning commends itself to you, and you thus 
perceive resemblances in the actions of the Ruler of the universe to 
those of our own race, When prompted by the best and highest intel- 
leetual motives, you will be willing to accept the declaration of the 
ancient text, “He doeth not evil, and abideth not with the evil in- 
clined. Whatever he hath done is good;”? or that from our own 
canon of Scripture: “ With him is wisdom and strength, he hath 
counsel and understanding.” ? 

The wsthetic character of natural history, therefore, prevents the 
results of its cultivation from being worked out with the precision of 
a logical machine, sueh as, with correct data of observation and ealcu- 
lation, would be quite suflicient to formulate the conclusions of physi- 
eal investigation, According as the perception of the relations of 
organic beings among themselves becomes more and more enlarged, 
the interpretation of these relations will vary within mits; but we 
will be continually approximating higher mental or spiritual truth. 

This kind of trnth ean never be revealed to us by the study of in- 
organic aggregations of the universe. The molar, molecular, and 
polar forces, by which they are formed, may be expressed, so far as 
science has reduced them to order, by a small number of simply for- 
mulated laws, indicative neither of purpose nor intelligence, when 
confined within inorganic limits. In fact, taking also the organic 
world into consideration, we as yet see no reason why the number of 
chemical elements known to us should be as large as it is, and go on 
increasing almost yearly with more minnte investigations. To all ap- 
pearance, the mechanical and vital structure of the universe wonld re- 
main unchanged, if half of them were struck ont of existence, 

Neither is there any evidence of intelligence or design in the fact 
that the side of the moon visible to us exhibits only a mass of volca- 
noes. 


1“ Yesatir,” p. 2. ? Job xii, 18 
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Yet upon the earth, withont the voleano and the earthquake, and 
the clevating forces of which they are the fecble indications, there 
would be no permanent separation of land and water; consequently 
no progress in animal and vegetable life beyond what is possible in 
the ocean. To us, then, as sentient beings, the volcano and the earth- 
quake, viewed from a biological stand-point, have a profound signili- 
cance. 

It is indeed difficult to see in what manner the student of purely 
physical science is brought to a knowledge of any evidences of intel- 
ligence in the arrangement of the universe. The poet, mspired by 
meditating on the immeasurable abyss of space and the transcendent 
glories of the celestial orbs, has dcelared— 


“The undevout astronomer is mad,” 


and his saying had a certain amount of speciousness, on account of 
the magnitude of the bodies and distances with which the student of 
the stars is concerned. This favorite line is, however, only an exam- 
ple of what an excellent writer has termed “the unconscious action 
of volition upon credence,” and it is properly in the correlations 
of the inorganic with the organic world that we may hope to ex- 
hibit, with clearness, the adaptations of plan prefigured and design 
executed. 

In the methods and results of investigation, the mathematician 
differs from both the physicist and the biologist. Uncontined, like 
the tormer, by the few simple relations by which movements in the 
inorganic world are controlled, he may not only vary the form of his 
analysis, almost at pleasure, making it more or less transcendental in 
many direetions, but he may introduce factors or relations, apparently 
inconecivable in real existences, and then interpret them into results 
quite as real as those of the legitimate calculus with which he is work- 
ing, but lying outside of its domain. 

If biology can ever be developed in such manner that its results 
may be expressed in mathematical formule, it will be the pleasing 
task of the future analyst to ascertain the nature of the inconceivable 
(or imaginary as they are termed in mathematics) quantities which 
must be introduced when changes of form or structure take place, 
Such will be analytical morphology, in its proper sense; but it is a 
science of the future, and will require for its calculus a very complex 
algebra, 

In the observation of the habits of inferior animals, we recognize 
many complications of action, which, though directed to the accom- 
plishment of definite purposes, we do not entirely comprehend. ‘They 
are, in many instanees, not the result of either the experience of the 
individual, or the education of its parents, who in low forms of ani- 
mals frequently die before the hatching of the offspring. These actions 
have been grouped together, whether simple or complex, as directed 
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by what we are pleased to call instinet, as opposed to reason. Yet 
there is every gradation between the two. 

Among the various races of dogs, the companions of man for un- 
numbered centuries, we observe not only reasoning powers of a rather 
high order, but also distinct traces of moral sentiments, similar to 
those possessed by our own race, I will give no examples, for many 
may be found in books with which you are familiar, Actions evincing 
the same mental attributes are also noticed in wild animals which 
have been tamed. You will reply that these qualities have been de- 
veloped by human education; but not so; there must have been a 
latent capacity in the brain to receive the education, and to manifest 
the results by the modification of the habits. Now, it is because we 
are vertebrates, and the animals of which I have spoken are verte- 
brates, that we understand, though impertectly, their mental pro- 
cesses, and can develop the powers that are otherwise latent. Could 
we comprehend them more fuliy we would find, and we do find from 
time to time in the progress of our inquiries, that what was classed 
with instinet is really intellection. 

When we attempt to observe animals belonging to another sub- 
kingdom—Articulata, for instance—such as bees, ants, termites, ete., 
which are built npon a totally different plan of strueture, having no 
organ in common with ourselves, the difficulty of interpreting their 
intellectual processes, if they perform any, is still greater. The pur- 
poses of their actions we can only divine by their results. But any 
thing more exact than their knowledge of the objects within their 
scope, more ingenious than their methods for using those objeets, more 
complex, yet well devised, than their social and political systems, it is 
impossible to conceive. 

We are not warranted in assuming that these actions are instine- 
tive, which if performed by a vertebrate we would call rational. In- 
stead of concealing our ignorance under a word which thus used comes 
to mean nothing, let us rather admit the existence here of a rational 
power, not only inferior to ours, but also different. 

Thus proceeding, from the highest forms in each type of animal 
life to the lower, and even down to the lowest, we may be prepared 
te advance the thesis that all animals are intelligent, in proportion to 
the ability of their organization to manifest intelligence to us or to 
each other; that wherever there is voluntary motion, there is intelli- 
gence: obscure it may be, not comprehended by us, but comprehended 
by the companions of the same low grade of strneture, 

YWowever this may be, Ido not intend to discuss the subject at 
present, but only wish in connection with this train of thought to offer 
two suggestions, 

The first is, that by pursuing different courses of investigation in 
biology, we may be led to opposite results, Commencing with the 
simplest forms of animal life, or with the embryo of the higher ani 
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mals, it may be very difficult to say at what point intelligence begins 
to manifest itself; our attention is concentrated, therefore, upon those 
functions which appear to be the result of purely mechanical arrange- 
ments, acted upon by external stimuli. The animal becomes to our 
perception an automaton, and in faet, by excising some of the nervous 
organs last developed in its growth, we can render an adult animal 
an automaton, capable of performing only those habitual actions to 
which its brain, when in perfect condition, had edneated the muscles 
of voluntary motion, On the other hand, commencing with the high- 
est group in each type, and going downward, either in structural com- 
plication, or in age of individual, it is impossible to fix the limit at 
which intelligence ceases to be apparent. 

I have in this subject, as in that of tracing the past history of our 
insects, in the first part of this address, preferred the latter mode of 
investigation; taking those things which are nearest to us in time or 
structure as a basis for the study of those more remote. 

The second consideration is, since it is so diffienlt for us to under- 
stand the mental processes, whether rational or instinetive (I care 
not by what name they are called), of beings more or less similar but 
inferior to ourselves, we should exercise great caution when we have 
occasion to speak of the designs of one who is infinitely greater. Let 
us give no place to the ernde speculations of would-be teleologists, 
who are, indeed, in great part, refuted already by the progress of 
science, which continually exhibits to us higher and more beautiful 
relations between the phenomena of Nature “than it hath entered 
into the mind of man to conceive.” Let not our vanity lead us to be- 
lieve that, becanse God has deigned to guide our steps a few paces 
on the road of truth, we are justified in speaking as if he had taken 
us into intimate companionship, and informed us of all his counsels, 

If I have exposed my views on these snbjects to you in an accept- 
able manner, you will perccive that, in minds capable of receiving such 
impressions, biology can indicate the existence of a creative or diree- 
tive power, possessing attributes some of which resemble our own, 
and controlling operations which we may feebly comprehend. Thus 
far natural theology, and no further. 

What, then, is the strict relation of natural history or biology to 
that great mass of learning and influence which is commonly called 
theology ; and to that smaller mass of belief and action which is called 
religion ? 

Some express the relation very briefly, by saying that science and 
religion are opposed to each other; others, again, that they have 
nothing in common, These expressions are true of certain classes of 
minds; but the greater number of thinking and educated persons see 
that, though the ultimate truths tanght by each are of quite distinct 
nature, and can by no means come in conflict, inasmuch as they have 
no point in common, yet so far as these truths are embodied in hu- 
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man language, and manipulated by human interest, they have a 
common dominion over the soul of man. According to the method 
of their government, they may then come into collision even as the 
temporal and spiritual sovereigns of Japan occasionally did, before 
the recent changes in that country. 

In answering the query above proposed, it will be necessary to 
separate the essential truths of religion from the accessories of tradi- 
tion, usage, and, most of all, organizations and interpretations which 
have in the lapse of time gathered around the primitive or revealed 
truth. 

With the latter, the scientific man must deal exactly like other 
men—he must take it or reject it, according to his spiritual gifts; but 
he mast not, whatever be his personal views, discuss it or assail it as 
aman of science, for within his domain of investigation it does not 
belong. 

With regard to the accessories of traditions, interpretations, etc., 
our answer may be clearer when we have brictly reviewed some re- 
cent events in what has been written about as the conflict of religion 
and science. Some centuries ago, great theological disgust was pro- 
duced by the announcement that the sim and not the earth was the 
centre of the planetary system, A few decades ago profound dissat- 
isfaction was shown that the evidence of organic life on the planet 
was very ancient. Recently some annoyance has been exhibited be- 
cause human remains have been found in situations where they onght 
not to have been, according to popularly received interpretations ; 
and yet more recently much apprehension has been felt at the pos- 
sible derivation of man from some inferior organism; an hypothesis 
framed simply because, in the present condition of intellectual advance- 
ment, no other can be suggested. 

Yet all these facts, but the last, which still is an opinion, have 
been accepted, after more or less bitter controversy on both sides, and 
the fountain of spiritual truth remains unclouded and undiminished. 
New interpretations for the sacred texts supposed to be in contilict 
with the scientific facts have been sought and found without diffi- 
culty. These much-feared facts have, moreover, given some of the 
strongest and most convincing illustrations to modern exhortation and 
religious instruetion. 

Thus, then, we see that the influence of science upon religion has 
been beneficial. Scholastic interpretations founded upon imperfect 
knowledge, or no knowledge, but mere guess, have been replaced by 
sound criticism of the texts, and their exegesis in accordance with the 
times and circumstances for which they were written. 

It must be conceded by fair-minded men of both sides that these 
controversies were carried on at times with a rudeness of expression 
and bitterness of feeling now abhorrent to our usages. The intellect- 
ual wars of those days partook of the brutality of physical war, and 
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the horrors of the latter, as you know, have been ameliorated only 
within very few years, 

I fear that the unhappy spirit of contention still survives, and that 
there are yet a few who fight for victory rather than for truth. The 
deceptive spirit of Voltaire still buds forth occasionally ; he who, as 
you remember, disputed the organic nature of fossil shells, because in 
those days of schoolmen their occurrence on mountains would be used 
by others as a proof of a universal Noachian deluge. The power of 
such spirits is fortunately gone for any potent influence for evil, gone 
with the equally obstructive influence of the scholastics with whom 
they formerly contended. 

Since, then, there is no occasion for strict science and pure religion 
to be in conflict, how shall the peace be kept between them ? 

By toleration and patience—toleration toward those who believe 
less than we do, in the hope that they, by cultivatiou or inheritance 
of wsthetic perception, will he prepared to accept something more than 
matter and energy in the universe, and to believe that vitality is not 
altogether undirected colloid chemistry. 

Toleration also toward those who, on what we think misunderstood 
or insufficient evidence, demand more than we are prepared to admit, 
in the hope that they will revise additional texts which seem to 
conflict, or may hereafter conflict, with facts deduced from actual 
study of Nature, and thus prepare their minds for the reception of 
such truths as may be discovered, without embittered discussions. 

Patience, too, must be counseled. For much delay will ensue 
before this desired result is arrived at; patience under attack, patience 
under misrepresentation, but never controversy. 

Thus will be hastened the time when the glorious, all-sufficient 
spiritual light, which, thongh given through another race, we have 
adopted as our own, shall shine with its pristine purity, freed from the 
incrustations with which it has been obscured by the vanity of partial 
knowledge, and the temporary contrivances of human polity. 

So, too, by freely-extended scientific culture, may we hope that 
the infinitely thicker and grosser superstitions and corruptions will be 
removed which greater age and more despotic governments have 
accumulated around the less brilliant though important religions of 
our Asiatic Aryan relatives. These accretions being destroyed, the 
principal difficulty to the reception by those nations of higher spiritual 
truths will be obviated, and the intelligent Hindoo or Persian will not 
be tardy in recognizing, in the pure life and elevated doctrine of the 
sincere Christian, an addition to and fuller expression of religious 
precepts with which he is familiar. In this manner alone may be 
realized the hope of the philosopher, the dream of the poet, and the 
expectation of the theologian—a universal science and a universal 
religion, codperating harmoniously for the perfection of man and the 
glory of his Creator. 
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THE SAND-BLAST. 
By W. 8. WARD. 


eae: WILLIAM P. BLAKE, in a communication “On the 
Grooving and Polishing of Hard Rocks and Minerals by Dry 
Sand,” which appeared in the American Journal of Science and Arts, 
September, 1855, describes the phenomena observed by him in 1838, 
in the Pass of San Bernardino, California, as follows: “On the eastern 
declivities of the pass, the side turned toward the desert, the granite 
and associate rocks which form the sharp peak San Gorgonio extend 
down the valley of the pass in a succession of sharp ridges, which, be- 
ing devoid of soil and of vegetation, stand out in bold and rugged ont- 
lines against the clear, unclonded sky of that desert-region. It was 
on these projecting spurs of San Gorgonio that the phenomena of 
grooving were seen; the whole surface of the granite over broad 
spaces was cut into long and perfectly parallelegrooves and little 
furrows, and every portion of it was beantifully smoothed, and, 
though very uneven, had a fine polish.” Wile contemplating these 
curious effects, the solution of the problem was presented. The wind 
was blowing very hard, and carried with it numerous little grains of 
sand. A closer examination disclosed the fact that the whole of the 
polished surface was enveloped in an atmosphere of moving sand, and 
it was through the grinding and rubbing of these minute but number- 
less quartz-atoms that the rough surfaces of these rocks had been 
made smooth, and the natural grooves deepened and_ polished. 
“Even quartz,” he observed, “ was cut away and polished ; garnets 
and tourmaline were also cut and left with polished surfaces. ... 
Whenever a garnet or a lump of quartz was imbedded in compact 
feldspar and favorably presented to the action of the sand, the feld- 
spar was cut away around the hard mineral, which was thus left 
standing in relief above the general surface.” 

The traveler whose good fortune it is to visit our Western wonder- 
land, will note among the many fingers in his guide-book one pointing 
in the direction of the now famous Monument Park. Entering a 
narrow valley bordered by mountain-walls, he will find himself gazing 
in wonderment at the rounded stone columns, rising about him in 
groups or singly, to a height ranging from ten to forty feet, and in 
many instances surmounted with grotesque cap-like coverings, tliat 
rest balanced upon the frail pinnacles of the rock-columns, An in- 
quiry as to the causes of their existence, standing as they do in isola- 
tion on the surface of the valley low-lands, will elicit the reply that 
they were made by the wearing away of the surrounding rocks by 
sand, which, whirling about in water or air eddies, acted like chisels 
of the turner’s lathe. Where the depressions were deepest there the 
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rocky strata were soft and yielding, and were the more readily cut 
away; but where the opposing surface was hard, as in the case of the 
black eap-pieces, the action was Jess rapid, and the reduction of the 
rock less decided. Glancing off from these, the whole force of the 
driving sand was projected against the strata immediately below, 
thus reducing it in size till there seems hardly cireumference enough 
left to sustain the weight above, 


(iis 


Nees 


Fig. 1—Sanp-crr Cottmys iy MoxvMent Parx. 


So much for the observations of the geologist and explorer, maJle 
nearly half a century ago, and placed on reeord as forming but one of 
the many startling features of that wonderful region, but suecesting 
to the traveler little else than a reasonable theory by which to account 
for a hitherto mysterions class of physical phenomena, From this, 
the record of the student of Nature, we turn to a second record, more 
practical in character, and having a direet bearing upon the subject 
under review. 

Whether the author or inventor of the modern sand-blast deserves 
any less credit for having had his idea anticipated in the workshops 
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of Nature, we will not say; certain it is, however, that the former 
work suggested the latter, though the prior claim does not seem to 
have been considered by the American Commissioner of Patents, 

“On the 18th of October, 1870,” we read, “letters-patent of the 
United States were granted to General B. C. Tilghman, of Philadel- 
phia, for the cutting, grinding, etching, engraving, and drilling stone, 
metal, wood, or any hard substance, by means of a jet or blast of 
sand.” We are also informed, from the same official source, that the 
inventor of the sand-blast process obtained his first hints from Na- 
ture, and, by means of a mechanism which is a marvel of simplicity, 
has been able to utilize this same force so as to make it render most 
eflicient service in several departments of the applied arts. 

It is the object of the present paper to describe and illustrate the 
invention known as the Tilghman Sand-Blast, an invention which, in 
simplicity of construetion, and yet extent of application, has hardly 
an equal in the annals of the American Patent-Otfice. We are aware 
that this is a broad claim, when it is remembered that under the pro- 
tection of the same authority the sewing-machine, reaper, aud mower, 
positive-action loom, and a score or more of great mechanical devices, 
first saw the light. It is possible that there is that in the idea of the 
sand-blast which adds to its charm, and secured for it the admiring 
indorsement of Torrey, Tyndall, and other men of science; and yet a 
careful study of its principle, and an observance of its praetieal op- 
eration, seem to justify all and more than is claimed for it by the 
inventor or his distinguished indorsers, 

If the reader will refer to the simple “claim” as given above, he 
will notice that it is proposed to accomplish the several results there 
named “by means of a jet or blast of sand.” The italies are our own, 
and are now introduced since it is in this idea of a jet of sand that the 
first principle of the device rests; and, moreover, it was an attempt 
made by others to adopt this falling jet of sand that compelled the 
inventor to institute his first proceeding against infringement. With 
the legal history of the sand-blast, however, we have nothing to do, 
save as it concerns the general history of the invention and its prog- 
ress, In order that the methods by which a simple falling column or 
stream of sand is made to do service as an engraver of glass and 
metal plates may be understood, attention is directed to Fig, 2, which 
may he described as follows : 

A isa box, elevated as high above the engraver’s table as the height 
of the ceiling will permit. When designed for several workmen, this 
box may be divided into compartments, as indicated, each conpart- 
ment being filled with common quartz or sea-sand, of varying degrees 
of fineness. From the bottom of each division a metal tube, c, depends, 
reaching to within a few inches of the table below, <A slide, B, serves 
to regulate or check the flow of the sand. Thns much for the simplest 
form of sand-blust. A word as to the manner of its operation; and 
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here, again, reference must be made to the original “claim,” where it 
will be found that the operation of the blast is limited to the entting, 
grinding, ete., of any ard substanee. It may be well to note the sig- 
nificanee of this word Aurd, sinee in it lies the secret of the whole pro- 
cess, The substance upon which the sand aets must be a hard or brit- 


Fic. 2—Dev 


CE FOR ETCHING WITH SAND. 


tle one, falling or being blown upon which, the angular sand-grains 
ehip away minute portions, till at length the whole surface is redueed 
or seratehed to any desired depth. Thus, if the plate which, as shown 
in the figure, be a glass one, and the workman wishes to engrave on 
it a flat design, he has only to protect the portions which are not to 
be acted upon, by a stencil made from rubber, soft iron, leather, or 
even paper, since, these substances not being hard or brittle, will not 
be affected by the descending blows of the sand-grains. This the 
workman has done, and by this means he has been able to depolish 
or grind the surface of the plate as indieated. Of the methods of 
constructing and applying these stencils, their variety and several 
uses, descriptions will be given as we advance. 

From the use of a simple jet of falling sand, we pass ona step, 
and in Fig, 3 present the Tilghman Sand-blast Machine, in its original 
and complete form, all subsequent improvements having been made 
only with a view to some special form of service. The feature of this 
device, it will be observed, is the use of a blast of air or steam whieh 
shall be made to accelerate the falling of the sand through the tube, 
and thus cause each grain to act with additional foree upon the op- 
posing surface. If the reader will, by the aid of the illustration, ob- 
serve closely the coustruetion of this simple device, he will be able to 
comprehend, once for all, not only the novelty of the invention, but 
also its extreme simplicity. 
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Connected with a wooden box, supported on a shelf, as here indi- 
cated, is a flexible rubber tube, which in turn is attached at its lower 
end to an iron tube, that rises through the floor of a mimature wagon, 
This wagon rests on the roof of a box through which a shit is cnt in the 
direction shown. Through this slit the iron tube passes, projecting 
jnto the box below. It is to the strneture of this metal tube, or gun, 
as it is called, that attention is specially directed. As shown in the 
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Fic. 3.—TuHe Titgumaw SanpD-BLasT MacuHINe. 


section at the right, it consists of two tubes, the one leading down frem 
the box and conveying the sand being smaller, thus allowing of an 


annular space between it and the lower section. Into this lower sec- 
tion, and at a right angle to it, the blast of air is admitted from a snit- 
able reservoir, The sand falling down, as shown by the upper arrow, 
enters the lower tube at a point below that at which the air is admit- 
ted. Having passed below the limits of its conducting-tube, if re- 
ceives an extra impulse from the air-current that also is passing 
downward, and by it is projected with greater force upon the hard 
substance below. In addition to the advantage gained by this new 
impulse, it will also be seen that the blast serves another purpose in 
blowing away the sand, so soon as its work is done, and thus leayv- 
ing the surface below clean and in a condition to be the more readily 
acted upon by the suecceding blasts. The purpose of the wagon is 
merely to admit of the tube being moved forward and backward along 
the line of the plate to be engraved, the lateral movement of the plate 
being effected by a suitable device not here shown. This plate is 
inclosed in a box, for the reason that the falling grains of sand, while 
they chip away the surface of the plate, are also broken up and pow- 
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dered. And it is that this dnst may not interfere with the health and 
comfort of the workmen that the whole is confined ina closed Dox, 

Before describing the several methods by which, through the aid 
of specially-prepared stencils, the surfaces to be treated are exposed 
te the acGon of the blast, we will direct attention to certain of the 
more recent forms of the machines, all embodying the same general 
principles, but so modified as to adapt them to the special service for 
which they are intended. 

Foremost amone these devices is the large machine, by the aid of 
which flat plates are eronnd or cneraved, 


Fig. 4.--Mactine FOR ENGRAVING Foat PLATEs, 


The distinctive feature of this machine is the substitution of a long, 
narrow slit for the tube; through this the sand falls or is blown in a 
thin sheet, Referring to Fig. 4, we find the machine composed of a 

VoL, Virn—20 
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large supply-box, into which the sand is elevated hy a series of hop- 
pers attached te a moving belt. From this box the sand falls of its 
own weight into a second receptacle, which serves also as a reeeiving- 
ehamber for the air-blast that enters at the right through the large 
blast-pipe. From this reeeiver the sand is driven downward through 
a second slit, and emerges from it with great force. 

At right angles with this slit a series of leather straps cr moving 
belts serves to convey the polished plate beneath the sheet of falling 
sand, and it is during the passage of the plate under this sand-sheet 
that its surface is depolished or ground, As these plates move at the 
rate of from six to thirty inches a minute, an estimate ean be made as to 
the rapidity with which the work of grinding is effeeted. When it is 
desired to merely roughen the whole surface, it is evident that no pre- 
liminary processes are needed, the plates of glass being fed in at the 
opening indieated on the right, and passing through to be received and 
delivered at once as ground glass. 


Fig. 5.— PLATES ENGRAVED BY SAnD-Buast. 


When it is desired, however, to engrave figures or designs upon 
the plates, a special process precedes the grinding, This consists in 
the designing and attaching of the stencils, and may be deseribed as 
follows: The glass plate, whieh it is proposed to ornament with any 
suitable device, is laid upon the designer’s table and covered over its 
whole surface with a thin sheet of tin-foil, Upon this bright metallic 
surface the designer sketches his pattern, and then by the aid of a 
sharp knife-poit euts through the foil along the lines of the pattern. 
The foil, which indieates the design, is then carefully lifted and re- 
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moyed, leaving the glass exposed, showing the exact form of the pat- 
tern, The plate is then removed and placed upon a second table, 
where it receives over its entire surface a thin layer of melted wax, 
When this wax has become sufticiently hardened, a knife is introduced 
beneath the portions of foil that remain, and these are gently lifted 
and remoyed with the wax immediately over them. What remains 
now is the original pattern traced in wax and resting on the glass. 
The plate thus prepared is then placed on the moving belts, or feeders, 
of the large machine and by them is conveyed under the falling sand- 
blast. Of conrse, this sheet of sand strikes with equal force on the 
whole surface; but where the wax layers intervene they act as shields, 
receiving the sand but checking its progress, while the exposed por- 
tions being glass, and therefore brittle, are roughened so as to present 
the appearance of a ground surface. After each plate passes through, 
it is again slightly heated, the wax removed, and the tinal appearance 
is such as indicated in Fig. 5. These illustrations, it may be stated, 
are from photographie imprints, taken from actual plates, and, as such, 
indicate with perfect exactness the character of the work. In these 
the light portious represent the ground or depolished surfaces, while 
the dark lines are those which, having been protected by the stencil 
shield of wax, were untouched. 


Fig. 6.—MACHINE OPERATED BY EXHAUST INSTEAD OF BLAsT. 


When the surfaces to be acted upon are curved, as in the case of 
globes, tumblers, ete., a special device is needed. The feature of 
this is an exhaust-chamber, by the aid of which the sand is drawn np 
through a tube and projected upward, as shown in Fig. 6. Tmmedi- 
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ately above the orifice through which the sand rises, the stencil- 
covered globes are cuused to revolve on spindles, and, when finished, 
have the appearance indieated in Fig. 7 

Tf the reader has been able to follow this necessarily brief deserip- 
tion, he will readily perceive how, by the use of duplicate stencils, 
construeted of any tough substance, the work of engraving, once an 
art in itself, hecomes merely a mechanical process. As the result of 


experiments, now nearly completed, a form of rubber ink has been 
devised which, when laid on paper, converts it into a steneil, sufli- 
ciently tough to resist the action of the blast. Then, again, it may 
be seen how designs, direct from Nature, may be transferred to 
glass or inetal by merely attaching a leaf or vine to the surface, and 
exposing it to the action of the blast. Nor is glass the only substance 
that can be ground and engraved. <All metals, when hardened, are as 


Fig. 7. 


readily cut. The zine plates which are now being substituted for 
lithographic stone have their surfaces depolished by the sand-blast. 
As illustrative of the remarkable rapidity with which the sand-blast 
accomplishes its work, the following facts, regarding the etitting of 
inseriptions on the head-stones designed to mark the graves of soldiers 
buried in the national cemeteries, may be cited. The contraetor hav- 
ing this work in charge at Rutland, Vermont, has three sand-blast 
machines, of the form indicated in Fig. 8. 

Tn addition to the one man employed to tend these machines, he 
has a sinall force of boys, whose duty it is to attach and remove the 
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cast-iron letters which act as stencils. Thus equipped, the contractor 
is able to turn out three hundred head-stones a day, upon each of 
which is a handsomely-eut inscription averaging eighteen raised let- 
ters. It is estimated that, to accomplish a like result by the old pro- 
cess, a foree of three hundred men would be needed, Another instance 
of the rapidity with which these little sand-engines do their work is 
shown in the engraving of gliss globes, tumblers, ete., which ean he 
done at the astounding rate of one a minute, 


SAND 
STEAM PIPE 


Fic. 8.—TILauman’s SAnD-BLAsT STONE-MACHINE. 


Extended space might be devoted to a mere recital of the actnal 
present accomplishments of the sand-blast, aud, were we to enter the 
field of speculation as to its possibilities, the range of its adaptation 
would tax the reader’s credulity. We will therefore be content to 
refer to the followmg extract from the report of the judges at the 
fortieth exhibition of the American Institute, which, in awarding the 
inventor the great medal of honor, deseribes and commends his inven- 
tion as follows: 


“The process is designed to execute ornaments, inscriptions in intaglio, or 
relfef, or complete perforations, in any kind of stone, glass, or other hard and 
brittle substance ; or to cut deep grooves in natural rocks, in order to facilitate 
the process of quarrying; or to make cireular incisions aronnd the central mass 
of rock in the process of tunneling; or to remove slag, scale, and sand, from the 
surfaces of metal castings; or to clear the interior surfaces of boilers or boiler tubes 
of incrustations; or to cut ornaments or types from wood as well as from stone: 
or to depolish the surface of glass, producing by the aid of stencils or other par- 
tial protections, as the bichromatized gelatine of photographic negatives, every 
variety of beautiful figures, including copies of the finest lines, and the most 
delicate line engravings; or to prepare copper-plates in relief for printing, hy 
making gelatine photographie pictures upon smooth surfaces of resin and pitch, 
cutting them ont by the blast, and afterward moulding from them, and clectro- 
typing the moulds, 
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“This process is without precedent. The use of sand in sawing marble, or 
in grinding glass by common methods, hardly furnishes an analogy.” 


Here follows a description of the device, concluding with the state- 
ment that “it is regarded by the judges as being one of the most re- 
markable and valuable inventions which the age has produced.” 

When it is announecd that the judges who thus emphatically in- 
dorsed the claims of the sand-blast were Profs. Barnard, Mayer, and 
Morton, our readers will demand of the writer no apology for or quali- 
fication of his expressed opinion that the “ Tilghman sand-blast is an 
invention which, in simplicity of construction and extent of application, 
has hardly an equal in the annals of American patents.” 


INSTINCT AND ACQUISITION.’ 
By D, A. SPALDING. 


oo great was the influence of that school of psychology which main- 
tained that we and all other animals had to acquire in the course 
of our individual lives all the knowledge and skill necessary for our 
preservation, that many of the very greatest authorities in science 
refused to believe in those instinctive performances of young animals 
about which the less learned multitude have never had any doubt. 
For example, I[elmholtz, than whom there is not, perhaps, any higher 
scientific authority, says: “The young chicken very soon pecks at 
grains of corn, but it pecked while it was still in the shell, and when it 
hears the hen peck, it pecks again, at first seemingly at random. Then, 
when it has by chance hit upon a grain, it may, no doubt, learn to 
notice the field of vision which is at the moment presented to it.” 

At the meeting of this Association in 1872, I gave a pretty full ac- 
count of the behavior of the chicken after its eseape from the shell. 
The facts observed were conclusive against the individual-experience 
psychology. And they have, as far as I] am aware, been received by 
seientifie men without question. T would now add that not only does 
the chick not require to learn to peck at, to seize, and to swallow 
small specks of food, but that it is not a fact, as asserted, and generally 
supposed, that it pecks while still in the shell. The actual mode of 
self-delivery is just the reverse of pecking, Instead of striking forward 
and downward (a movement impossible on the part of a bird packed 
in a shell with its head under its wing), it breaks its way ont by vigor- 
ously jerking its head upward, while it turns round within the shell, 
which is ent in two—chipped right round in a perfect circle some dis- 
tance from the great end, 


1 Read at the Bristol meeting of the British Association. 
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Though the instincts of animals appear and disappear in such sea- 
sonable correspondence with their own wants and the wants of their 
offspring as to be a standing subject of wonder, they have by no 
means the fixed and unalterable character by which some would dis- 
tinguish them from the higher faculties of the human race. They vary 
in the individuals as does their physieal strueture, Animals can learn 
what they did not know by instinct and forget the instinctive knowl- 
edge which they never learned, while their instinets will often ac- 
commodate themselves to considerable changes in the order of exter- 
nal events, Everybody knows it to be a eommon practice to hateh 
ducks’-eggs under the common hen, though in such cases the hen has 
to sit 2 week longer than on her own eggs. I tried an experiment to 
ascertain how far the time of sitting could be interfered with in the 
opposite direction, Two hens became broody on the same day, and | 
set them on dummies. On the third day I put two chicks a day oid 
to one of the hens, She peeked at them once or twice; seemed rather 
fidgety, then took to them, called them to her and entered on all the 
cares of a mother. The other hen was similarly tried, but with a 
very different result. She pecked at the chickens viciously, and both 
that day and the next stubbornly refused to have any thing to do with 
them. 

The pig is an animal that has its wits about it quite as soon after 
birth as the chicken. I therefore selected it as a subject of observa- 
tion, The following are some of my observations: That vigorous 
young pigs get up and seareh for the teat at once, or within one min- 
ute after their entrance into the world. That if removed several feet 
from their mother, when aged only a few minutes, they soon find their 
way back to her, guided apparently by the grunting she makes in an- 
swer to their squeaking. In the case I observed the old sow rose in less 
than an hour and a half after pigging, and went out to eat; the pigs 
ran about, tried to eat various matters, followed their mother out, and 
sueked while she stood eating, One pig I put in a bag the moment it 
was born and kept it in the dark until it was seven hours old, when I 
placed it outside the sty, a distance of ten feet from where the sow 
lay coneealed inside the house. The pig soon recognized the low 
grunting of its mother, went along outside the sty struggling to get 
under or over the lower bar. At the end of five minutes it suececded 
in foreing itself through under the bar at one of the few places where 
that was possible. No sooner in than it went without a pause into the 
pig-honse to its mother, and was at once like the others in its behavior, 
Two little pigs I blindfolded at their birth. One of them I placed 
with its mother at once: it soon found the teat and began to suck. 
Six hours later I placed the other a little distance from the sow ; it 
reached her in half a minute, after going about rather vagnely; in 
half a minute more it found the teat. Next day I found that one of 
the two left with the mother, blindfolded, had got the blinders off; the 


312 THE POPULAR SCIENCE MONTHLY. 


other was quite blind, walked about freely, knocking against things, 
Tn the afternoon T uncovered its eyes, and it went round and round as 
it it had hac sight, and had snddenly Tost it. In ten minutes it was 
searcely distinguishable from one that had had sight all along, When 
placed on a chair it knew the height to require considering, went 
down on its knees and leaped down, When its eyes had been un- 
veiled twenty niinutes I placed it und another twenty feet from the 
sty. The two reached the mother in five minntes and at the same 
moment, 

Ditferent kinds of creatures, then, bring with them a good deal of 
eleverness, and a very useful acquaintanee with the established order 
of Nature, At the same time all of them later in their lives doa great 
many things of which they are quite incapable at birth. That these 
are all matters of pure acquisition appears to me an unwarranted 
assumption. The human infant cannot masticate; it can move its 
limbs, but cannot walk, or direct its hands so as to grasp an object 
held up before it. The kitten just born cannot catch mice. The 
newly-hatched swallow or tomtit can neither walk, nor fly, nor feed 
itself! They are us helpless as the human infant. Is it as the result 
of painful learning that the child subsequently seizes an apple and 
eats it? that the cat lies in wait for the mouse? that the bird finds its 
proper food and wings its way through the air? We think not. With 
the development of the physical parts, comes, according to our view, 
the power to use them, in the ways that have preserved the race 
through past ages. This is in harmony with all we know, Not so 
the contrary view. So old is the fend between the cat and the dog, 
that the kitten knows its enemy even before it is able to see him, and 
when its fear can in no way serve it. One day last month, after fon- 
dling my dog, T put my hand into a basket containing four blind kit- 
tens, three days old, The smelk my hand had carried with it set them 
piiting and spitting in a nost comical fashion. 

That the later developments to which I have referred are not ac- 
quisitions can be in some instances demonstrated, Birds do not learn 
to fly. Two years ago Tshut up five unfledged swallows in a small 
box not much larger than the nest from which they were taken. The 
little box, which had a wire front, was hung on the wall near the nest, 
and the young swallows were fed by their parents through the wires. 
In this confinement, where they could not even extend their wings, 
they were kept until after they were fully fledged, Lord and Lady 
Amberley liberated the birds and communicated their observations to 
me, J being in another part of the country at the time. On going to 
set the prisoners free, one was found dead—they were all alive on the 
previous cay, The remaining four were allowed to escape one ata 
time, Two of these were perceptibly wavering and unsteady in their 
fight. One of them, after a flight of about ninety yards, disappeared 


among some trees; the other, which flew more steadily, made a sweep- 
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ing circuit in the air, after the manner of its kind, and alighted, or 
attempted to alight, on a branchless stump of a beech; at last it was 
no more seen. No. 3 (which was seen on the wing for about half 
a minnte) flew near the ground, first round the Wellingtonia, over to 
the other side of the kitchen-garden, past the bee-house, back to the 
lawn, round again, and into a beech-tree. No, 4 flew well near the 
ground, over a hedge twelve feet high to the kitehen-garden through 
an opening into the beeches, and was last seen close to the ground. 
The swallows never flew against any thing, nor was there, in their 
avoiding objects, any appreciable difference between them and the 
old birds. No, 3 swept round the Wellingtonia, and No, 4 rose over 
the hedge just as we see the old swallows doing every hour of the day. 
JThave this summer verified these observations. Of two swallows I 
had similarly confined, one, on being set free, flew a yard or two too 
close to the ground, and rose in the direction of a beech-tree, whieh it 
gracefully avoided; it was seen for a considerable time sweeping 
ronnd the beeches and performing magnificent evolutions in the air 
high above them. The other, which was observed to beat the air 
with its wings more than usual, was soon lost to sight behind some 
trees, Titmice, tomtits, and wrens, I have made the subjects of a sim- 
ilar experiment and with similar results, 

Again, every boy who has brought up nestlings with the hand must 
have observed that, while for a time they but hold up their heads and 
open their mouths to be fed, they by-and-by begin quite spontane- 
ously to snap at the food. Here the development may be observed 
as it proceeds, Tn the ease of the swallow [am inclined to think that 
they catch inscets in the air perfectly well immediately on leaving the 
nest. 

With regard, now, to man, is there any reason to suppose that, un- 
like all other creatures, his mental constitution has to be in the case 
of each individual built up from the foundation out of the primitive 
elements of consciousness? Reason scems to me to be all the other 
way. he infant is helpless at birth for the same reason that the 
kitten or swallow is helpless—because of its physical immaturity ; 
and I know of nothing to justify the contrary opinion, as held by 
some of our distinguished psychologists. Why believe that the spar- 
row can pick up crumbs by instinct, but that man must learn to inter- 
pret his visual sensations and to chew his food? Dr, Carpenter, in his 
“ Mental Physiology,” has attempted to answer this arguinent in the 
only way in which it could be answered, He has produced facts 
which appear to him to prove that “the acquirement of the power of 
visually guiding the muscular movements is experimental in the case 
of the buman infant.” More than forty years ago Dr. Carpenter took 
part in an operation performed on a boy three years old for congenital 
cataract. The operation was successful. In a few days both pupils 
were almost clear; but, though the boy “clearly recognized the déiree- 
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tion of a candle or other bright object, he was as unable as an infant to 
apprehend its distunce so that, when told to lay hold of a watch, he 
groped at it just as a young child lying im its cradle.” Ie gradually 
began to use his cyes; first in places with which he was not familiar, 
but i¢ was several months before he trusted to them for guidance as 
other children of his age would do. No one will doubt the aceuracy 
of any of these statements; but I cannot agree with Dr. Carpenter 
that he had in the ease of the boy any thing ‘exactly parallel” to my 
experiment of hooding chickens at birth and giving them their sight 
at the end of one or two days. This boy was couched when three 
years old. Probably sight would have been at first rather puzzling 
to my chickens, had they not received it until they were six months 
old. Dr. Carpenter seems to have forgotten for the moment that in- 
stinets as well as acquisitions deeay through desuetude, and that this 
is especially true when the faculties in question haye never once been 
started into action and are of the kind which develop through exer- 
cise. Another and vital differenee between Dr. Carpenter’s experi- 
ments and mine is this, that, when at the end of two days I gave my 
chickens sight, I did not do so by poking out or lacerating the erystal- 
line lenses of their eyes with a needle. 

The presumption, then, that the progress of the fant is but the 
unfolding of inherited powers remains as strong as ever, With wings 
there comes to the bird the power to use them; and why should we 
believe that, beeause the human infant is born without teeth, it should, 
when they do make their appearance, have to discover their nse by a 
series of happy aceidents ? 

One word as to the origin of instincts. In common with other 
evolutionists, Ihave argued that instinet in the present generation 
may be regarded as the product of the acenmulated experiences of 
past generations. More peculiar to myself, and giving special mean- 
ing to the word experience, is the view that the question of the origin 
of the most mysterious instinct is not more difficult than, or different 
from, but is the same with the problem of the origin of the physical 
structures of the creatures. For, however they may have come by 
their bodily organization, it, in my opinion, carries with it a corre- 
sponding mental nature. 

In opposition to this view, it has been urged that we have only to 
eonsider almost any well-marked instinet to see that it could never 
have been a product of evolution. We, it is said most frequently, can- 
not conceive the experiences that might by inheritance have become 
the instinets; and we can see very clearly that many instinets are so 
essential to the preservation of the creatures that without them they 
could never have lived to acquire them. The answer is easy, Grant- 
ing our utter inability to go back in imagination through the infinite 
multitude of forms, with their diversified mental characteristics, that 
stand between the greyhound and the speck of living jelly to which, 
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according to the theory of evolution, it is related by an unbroken line 
of descent—granting that we are, if possible, still less able to picture 
in imagination the process of change from any one form to another— 
what then? Not surely that the theory of evolution is false! For 
the same argument will prove that no man present can possibly be 
the son of his father, Our ignorance is very great, but it is nota 
very great argument. 

The other objection, that the creatures could never have lived to 
acquire their more important instincts, rests on a careless misunder- 
standing of the theory of evolution. It assumes in the drollest possi- 
ble way that evolutionists must believe that in the course of the evo- 
lution of the existing races there must have from time to time ap- 
peared whole generations of creatures that could not start on life from 
the want of instinets that they had not got. There can be no need to 
say more than that these unfortunate creatures are assuined to have 
been singularly unlike their parents. The answer is, that it is not the 
doctrine of evolution that the bodies are evolved first by one set of 
causes and the minds are put in afterward by another. This notion is 
but the still lingering shadow of the individual-experience psychology. 
As evolutionists, whether we take the more common view and regard 
the actions of animals as prompted by their feelings and guided by 
their thoughts, or believe, as I do, that animals and men are conscious 
automata, in either case we are under no necessity of assuming, in ex- 
planation of the origin of the most mysterious instinets, any thing 
beyond the operation of those laws that we see operating around us, 
but concerning which we have yet to learn more, perhaps, than we 
have learned.—Wature. 


PRINCE RUPERT’S DROPS. 
By WILLIAM LEIGHTON, Jr., 8. B. 


HEN from fluidity glass is cooled to a solid structure in the 
ordinary temperature of the atmosphere, it is found to be very 
brittle or liable to fracture. 

If the glass is so shaped as to be of unequal thickness in its differ- 
ent parts, it can seldom be cooled without fraeture, and, if unbroken 
when cool, is liable to fracture with any subsequent change of temper- 
ature or by a sudden jar, Often this fracture takes place, in articles 
of considerable thickness, with an explosive force, perhaps breaking 
the glass into a thousand picees. When glass breaks in this manner, 
it is said to “ fly.” 

In order to prevent such liability to “ fly,” elass-ware is annealed. 

The process of annealing glass consists in reducing its temperature 
more slowly than would occur in the air at ordinary temperatures. 
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An oven is so gonstructed that the heat of the glass is maintained 
by a current of heated air in which articles to be annealed are placed, 
and mechanism so contrived as very slowly to draw away the ware 
into currents of lower temperature. Or the ware is annealed in kilns, 
which are closed and sealed at a temperature a little less than that at 
which glass becomes plastic, and heated air bemg thus confined the 
kilns are many hours, often many days, in cooling. The more carefully 
and slowly glass is annealed, the less liable it is to “ fly.” 

By cooling glass more rapidly than could oceur in ordinary atmos- 
pherie temperaturcs, that is, by a process the reverse of annealing, 
Prince Rupert’s drops are made. 

The ordinary way to make these scientific curiosities is to drop a 
small quantity, usually less than half an ounce, of perfectly fluid glass 
into water, In falling, the glass will assame the form of a tear, with 
an elongated end extending into a thread. 

Rupert drops are clear, bright, and hard, and may be strnek with 
much violence upon the larger end without fracture, but if the thin, 
though tongh and very elastic thread of the other extremity be broken 
off, the whole drop will explode into uumberless fragments, much finer 
than the sand of which the glass was originally composed, 

Why does this happen? and why must glass-ware be annealed in 
oider to be serviceable? There is evidently such similarity of phe- 
nomena occurring in the drops and in unannealed glass that a satisfac- 
tory theory for the one ought to Jead to the explanation of the other, 

In an article on “Tempered Glass” contributed by Perry F, Nur- 
sey, C, E., to the Popular Seience Review, aud published in the Sep- 
tember uumber of Tue Porviar Scrence Montuy, the following the- 
ory of the Prince Rupert’s drops is given: ‘Glass and water, and—as 
far as present knowledge goes—no other substances besides, expand 
while passing from the fluid into the solid condition, The theory of the 
Rupert drops is, that the glass being cooled suddenly, by being dropped 
into cold water, expansion is checked by reason of a hard skin being 
formed on the onter surface, This exterior coating prevents the in- 
terior atoms from expanding and arranging themselves im such a way 
as to give the glass a fibrous nature, as they would if the glass were 
allowed to cool very gradually. An examination of the Rupert’s drop 
shows the inner substance to be fissured and divided into a number of 
small particles. They exist in fact in a state of compression, with but 
little mutual cohesion, and are only held together by the external 
skin. So long as the skin remains intact, the tendency of the inner 
particles to expand and fill their proper space is checked and resisted 
by the superior compressive strain of the skin. Nor is the balance of 
the opposing forces disturbed by blows on the thick end of the drop, 
which vibrates as a whole, the vibrations not being transmitted from 
the exterior to the interior. But, by breaking off the tail of the drop, 
a vibratory movement is communicated along the crystalline surface, 
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admitting of internal expansion, by which the cohesion of the particles 
composing the external skin is overcome, and the glass is at once re- 
duced to fragments.” 

In the “ American Cyclopedia ” (revised edition), under the word 
“annealing,” are found the following enplanations: “ When this” 
(glass) “is melted and shaped into articles which are allowed to cool 
in the air, the glass becomes too brittle for any use, The exterior 
cools first and forms a coutracted erust, which shelters the interior 
particles ; so that these continue longer in a semi-fluid state, and are 
prevented from expanding, as glass does in cooling, and uniting with 
the rest to form an homogeneous mass. The inner parts are thus con- 
standy tending to expand. If, on the contrary, the gliss is placed 
ina hot oven, and this is allowed to cool very slowly, the particles of 
glass appear to assume a condition of perfect equilibrium of cohesive 
foree without tension, so that the mass becomes tongh and clastic.” 
And, again, in the same article: “ Dr. Ure explains this phenomenon” 
(the explosive breaking of Prince Rupert’s drops) “by referring it to 
the tendency of a erack onee formed in the glass to extend its rami- 
fications in different directions throughout the whole mass.” 

In the “ Kneyclopwdia Britannica” (ninth edition), wider the 
word “annealing,” is found as follows concerning the phenomena of 
unannealed glass and Prince Runert’s drops: “The partieles of the 
glass have a cohesive polarity which dictates a certain regularity in 
their arrangement, but which requires some time for its development. 
When the vessels are suddenly cooled, the surface-molecules only ean 
have had time to dispose themselves duly, while those within are kept 
by this properly-formed skin in a highly-constrained situation; and it 
is only so long as the surtace-tilm keeps sound that this constraint 
cab be resisted. In the Rupert’s drops it is phunly visible that the 
interior substance is cracked in every direction, and ready to fly to 
pieces.” 

The practical glass-maker, desirous of thoroughly understanding 
the true theory of annealing glass, that from such a comprehension 
he may endeavor to accomplish more perfection in his process, refers 
to the authorities quoted above, and finds himself bewildered by the 
theories and explanations here given. Ile notices that the fonnda- 
tion of the theory of the Rupert drop, and of the process of annealing, 
in the article of Tor Porvsar Scrence Moxtuty, and in the “ Anieri- 
can Cyclopedia,” is based upon the assertion that in passing from a 
fluid to a solid condition glass expands. Although well aware that 
certain substances, as water,’ bismuth,’ gray cast-iron,’ and antimony,* 
expand while solidifying, yet he is constantly reminded, by phenomena 
occurring in the glass-honse every moment under his eye, that the 
reverse of this takes place in the substance of glass. 

' Ganot’s “ Physics,” edition of 1878, p. 261, ® Miller’s “ Chemistry,” vol. ii, p. 604. 
3 Bauerman’s “ Metallurgy of Ivon,” p. 288. + Miller's “ Chemistry,” vol. ii, p. 695. 
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Upon the supposition that glass contracts in cooling, he bases the 
constrnetion and working of his moulds, in which glass-ware is 
pressed, and the suecess of their operation assures him that he is 
working upon a safe conclusion. 

For further assurance, he replaces an article of glass-ware, when 
cold, in the mould in which it was originally pressed, and finds that it 
easily returns to its place, and fuils to fill the monld, With his cali- 
pers he measures carefully the glass and the mould, and finds the 
shrinkage has been about one-tifticth of the original bulk. 

lle remembers that he has on his book-shelf a work * by Apsley 
Pellatt, in which that careful and accurate observer states as follows: 
“ A piece of unannealed barometer-tube, forty inches long, measured 
when just drawn, will become about one-fourth of an inch shorter if 
anneiled; whereas, if quickly cooled withont annealing, it will only 
contract about one-eighth of an inch.” It must be borne in mind 
that the barometer-tube, when just drawn, at the time when it is first 
measared, has already considerably cooled from a fluid state of the 
glass, and has effected a part of its shrinkage, although not yet solid 
or rigid in its structure, 

As the gray cast-iron before mentioned is said to expand at the 
moment of solidifying, but afterward to contract with further cooling, 
he experiments with the view to ascertain if an analogous action 
takes place in glass. He tests the cooling uf a crucible ful of this 
molten material, to note if at any time in the cooling process an ex- 
pansion of its substance takes place. Even from the first moment, 
when the crucible is taken from the extreme heat of the furnace, he 
finds that the surface of the vitreous mass takes a concave form, this 
concavity becoming more considerable as the cooling process goes on, 

If there were expansion at the moment of solidifying, the mass 
would then bulge upward, that is, the concave line of the surface 
would be disturbed, But, as the concavity of this surface constantly 
and uninterruptedly inereases until the mass becomes cold, he finds 
renewed proof of the shrinkage of solidifying glass. 

Ilis ordinary observation thus contirmed by careful tests and by 
other authority, he feels that there is no possibility for him to be in 
error in regard to this contraction of glass, which he sees constantly 
going on. 

When he reads, m the article of Tne PoruLar Scrence Montu- 
Ly, that the exterior coating produced by the immediate chill of the 
surface of the glass “prevents the interior atoms from expanding 
and arranging themselves in such a way as to give the glass a fibrous 
nature, as they would if the glass were allowed to cool very gradu- 
ally,” he tries to remember an instance, where, in some very perfectly- 
annealed glass, there has been an indication of such fibrous nature, 
but finds himself unable, in his own expericnee, or in that of his 


1“ Curiosities of Glass-making,” by Apsley Pellatt, London, 1849, p. 63. 
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workmen, to recall such structure in any ease, He finds the substance 
of glass always presenting the smue vitreous, amorphous appearance, 
except in cases of devitrification, and, in the absence of any proof of 
stich condition, cannot bring himsclt to believe in glass of a fibrous 
structure. 

Ile finds in “a cohesive polarity, which dictates to the particles 
of glass a certain regularity in their arrangement, but which requires 
some time for its development,” as laid down in the “ Brittanica,” a 
theory which is far from satisfying or giving him any useful aid, and 
he requires some proof (which he cannot find) of sueh “ polarity ” be- 
fore absolutely adopting this theory. 

Ue looks in vain for the fissured character of the interior sub- 
stauce of the Rupert drop, mentioned in the article of Tum Porvtar 
Scrence Montmby, and in the “ Eneyelopedia Britannica,” but find- 
ing, even under the microscope, that the substance of the interior, as 
well as the exterior, of the drop is apparently solid and undisturbed, 
gives up his attempt to understand the authorities, and even Dr, 
Ure’s explanation in the © American Cyclopedia,” of the Rupert-drop 
phenomena, fails to satisfy him. 

He now feels that, to pursne this subject farther, he must put to- 
gether the facts in his possession, and ascertain if their combination 
will not suggest amore satisfactory theory than those laid down in 
the hooks, 

Ile begins, of course, upon the foundation which his twenty years’ 
experience In the glass-house has strongly impressed on him, viz., the 
fact that in passing from a fluid to a solid state gluss shrinks, 

His next fact is that glass is a poor conductor of heat, as he 
has often noticed in the manipulation of heated glass, during its pro- 
eess of manufacture, that in the same piece of glass, and close to- 
gether, are portions, the one solid and the other fluid. 

To these facts he puts the third fact, that the surface of fluid or 
semi-fluid glass chills very quickly upon exposnre to the air, and very 
quickly becomes solid, 

Here are all the facts necessary by which to construct a theory 
for the explanation of the phenomena of fracture in unannealed glass 
and in the Rupert drops. 

Watching a thick mass of glass cool, he notes the color: by an 
oblique look, he perceives that the surface has a green tint; while 
through this transparent tinted medium a dircet. look shows the cen- 
tre still of a glowing red color. Ile knows by experience that the 
green tint in cooling erystal glass indicates solidification, while the 
red glow tells that such glass is yet soft. But, not depending upon his 
experience of color, he tests the surface with an iron tool and finds it 
absolutely rigid ; then with a hammer breaks this rigid surface, and 
finds, as its color indicates, the centre still semi-fluid. 

Tere is proved the condition of an outer skin or shell of rigid 
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glass, and an interior substance, still soft, plastic, and constantly 
strained by a tendency to contract, to occupy smaller boundaries ; 
but those boundaries cannot be moved without breaking. It is a 
struggle of forces. If the thickness of the glass be considerable, the 
constantly-iner asing strain of contraction pulls so hard upon the 
shell, that the foree of cohesion is unable to withstand it, and the shell, 
yielding with a shock, shivers the whole substance into fragments. 

In the proeess of aunealing, the heat of the oven keeps the sur- 
faces of the glass articles from absolutely Leeoming rigid, so that 
they yield sufficiently to the strain of the contracting interior por- 
tions; and if the whole substance of each article cools exaetly to- 
gether, the exterior and interior all the time at the same temperature, 
there is uo strain and the ware is perfeetly annealed. 

as it is practically impossible to accomplish a perfect equality of 
temperature, a perfect equilibrium of the molecules cannot be ob- 
tained; but so near an approach to it is accomplished in a well-con- 
structed annealing oven, that the cohesion of the glass is easily able 
to withstand the trifling strain. . 

In this view the action of cooling glass is simple and easily under- 
stood, surely more simple than to imagine a tendency toward a fibrous 
constitution of substance, or the imperious “ cohesive polarity” of 
the “ Britanniea ” article. 

Test this theory upon the Rupert-drop phenomenon, and its expla- 
nation will answer as well. 

Asmall amount of fluid glass, when dropped into water, will im- 
mediately, by the action of its heat, envelop itself in a garmeut of 
steam, which protects its surface from contact with the water, mntil 
that surface is so cooled that such contact fails to erack it. To test 
this assumption, try the experiment with partially cooled or soft glass, 
and the result will be that vé the drops will break in the water, on 
acconnt of cracked surfaces. With fluid glass, many drops will be 
lost, not from the same cause, if the drops be not too large, but trom 
excessive contraction; perhaps, out of a dozen only one or two will 
be saved. 

The steam ehills the surface of the glass much more rapidly than 
the air does, consequently the inner and fluid glass in the Rupert 
drop is inclosed in larger boundaries than if the drop had cooled in 
the air. Hence contractive foree is very strongly exerted to draw in 
such excessive boundaries, but the curved form of the drop presents 
arches of strength to aid the power of cohesion and resist destruction, 

One drop bursts in the water, another does the same, but perhaps 
the third is drawn forth entire, though curled and twisted, as if in the 
agony of its strain. Two of Nature’s forces struggle fiercely for the 
mastery in this little drop, that gives no indication of the contest as 
it lies quietly before us. But break off the thread, and down goes the 
first of the little arches, that are holding up the surface against con- 
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traction, One arch, falling, brings down another, and, once started, 
they goin such rapid suecession that the ear detects but one sound, 
one explosive burst, in which the imp of contraction exults in the rnin 
he has wronght. 

The peculiarities of the Rupert drops are toughness, elasticity, and - 
the property of breaking into small fragments when any fracture, 
however slight, is made; their strength to resist such fracture is, how- 
ever, greater than that of annealed or unannealed glass, 

When we consider that these same peculiarities are the character- 
istics of the so-called “toughened glass” of M. dela Bastic, and that 
the method of treating his “ toughened ” glass, in the cooling process, 
is at least analogous to that of the Rupert drops, we are forced to be- 
lieve in a certain relationship between them. 

The Rupert drop falls into a water-bath; M. de Ja Bastie’s glass 
into an oleaginons bath, the exaet composition of which has not been 
made public. 

M. de la Bastie’s glass is not malleable, is not unbreakable, but 
simply tougher, harder to break than the ordinary annealed glass; so 
also is the Rupert drop. 

As the characteristic distinction between annealed glass and the 
Rupert drop is the excessive strain upon the molecules of the latter— 
contraction versus cohesion—it is fair to infer that the superior 
strength, tonghness, and elasticity, of the drop are due to sueh strain. 
As it is harder to displace the key-stone of a loaded areh than of 
an unloaded one, the simile may hold good in this case, and the 
strain of contraction upon the molecules of the glass of a Rupert’s 
drop may help resist any outside force tending to disturb cohesion, 
If an outside force could be so exerted as to act exactly in the same 
direction as the power of contraction acts, undoubtedly sneh force 
would be aided by contraction to destroy cohesion; but, acting in 
any other direction, contraction would aid cohesion to resist it. As 
the moleeules of glass are exceedingly small, and as, in the cooling 
process, they one after another individually become rigid, the lines of 
their contractive strain become so complicated that it is very unlikely 
any outside force can be exerted in such direction as to unite its im- 
pulse with theirs against cohesion. 

As the toughened glass of M. de la Bastie flies into many pieces 
when fracture is effected, ina manner analogous to the breaking of 
the Rupert drop, it is probable, at least, considering the process of 
the oil-bath, that sueh flying into fragments is due to a strain of con- 
traction exerted by the molecules of its substance. And if such a 
strain exists, as the flying seems to prove, it is also reasonable to sup- 
pose that, exactly as in the case of the Rupert drop, this strain of 
contraction among the molecules of its mass produces the superior 
toughness, strength, and elasticity, which are claimed for this newly- 
invented glass. 

VOL. viI.—21 
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THE OWNERSHIP OF THE DEAD? 
By SAMUEL LB. RUGGLES, LL. D. 


ale resorting to England for hght on this subject, we encounter a 
body of law grown np under cirewmstances differing widely from 
our own, The jurisprudence of that couutry is peculiarly compound- 
ed, embracing largely the ecclesiastical element, from which onrs is 
exempt; and it las given birth to anomalies which we are hardly 
required to adopt. This is strikingly manifest in the matter of the 
dead, in which the partition of juridical authority between the Church 
and the state, forming one composite system, has materially narrowed 
the powers aud the action of the conrts of common law. Jt is believed 
that an attentive examination of the history of this division of judicial 
power will show that it is wholly peculiar to England, and that the 
decisions and cieta of their courts and iegal writers on this subject 
ought not to exert any controlling influence over our legal tribunals. 

In surveying the various changes in the organization and powers 
of the British courts of justice, produced successively by the Roman, 
Saxon, and Norman conquests, it is diffieult to fix with precision the 
period when the judicial authority began to be divided between the 
state and the Church, Christianity had made some progress in Brit- 
ain while yet remaining under the Roman power, but does not ap- 
pear to have mingled itself materially with the governmental adimin- 
istration. The Saxon conquerors, who succeeded the Roman in the 
fitth century, brought in paganism for about one hundred and fifty 
years; but it was extirpated about the close of the sixth century by 
the vigor of St. Augustin, under the poutificate of Gregory the Great. 
It is quite apparent that the elear-sighted ineumbents of the Holy 
See by that time had perceived in the burial of the dead a very im- 
portant and desirable element of spiritnal dominion, It was the 
sagacity, not less than the piety, of that distinguished pontift, which 
led him to introduce the custom of burial in churehes, to the end, as 
he declared, that the relatives and friends of the dead might be in- 
duced inore frequently to pray for their repose, Occasional inter- 
ments in places of worship, or their immediate vicinity, had indeed 
been made by the early Christians, as far back as the reign of Con- 
stantine; but it was not until after the pontificate of Gregory, and 
the rapid increase by his successors of the temporal power of the 
Chureh, that burial-grounds were generally attached to places of wor- 
ship, and subjected by formal consecration to ecclesiastical authority. 


! Extract from a report on the “ Law of Burial,” made to the Supreme Court of the 
State of New York in 1856, by Hon, Samuel B. Ruggles, referee, in respect to compensa- 
tion to owners of vaults in cemeteries, and to relatives of individuals buried in graves 
disturbed by legal proceedings. Reprinted in Providence, R. I, 1872. 46 pages 
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The judicial history of the Romish Chureh in England, from the 
sixth century to the thirteenth, exhibits its carnest efforts and its steady 
andall but wiinterrupted progress, not ouly in strengthening its proper 
spiritual power, but in obtaining the exclusive temporal, judicial eog- 
nizance of all matters touching the ecclesiastical editices and their 
appendages, and especially their places of burial. During that pe- 
riod, the oftice of sepulture, originally only a secular duty, eame to be 
regarded as a spiritual function—so much so, that the seeulir courts, 
in the eases as early as the 20th and 21st Edward L, cited in 2 Tnst., 
3638, mm determining whether or not a building was a church, inqnired 
only whether it had sacraments and sepulture. 

Tt is generally stated that burial in chureh-yards was introduced 
into England by Cuthbert, Archbishop of Canterbury, in the year 
750, The form of their conseeration is even yet preserved, in some 
of its essential features, by the Established Church, The invoeation, 
as given by Burn, in his “ Ecclesiastical Law,” vol. i., p. 334, after de- 
celaring that the duty has been taught by God, “ through his holy ser- 
vants, in all ages, to assign places where the bodies of the saints may 
rest in peace and be preserved from all indignities,” asks the divine 
acceptance “of the charitable work, in separating the portion of 
ground to that good purpose.” 

The sagacious policy of the Romish ecelesiasties, in attaching the 
place of interment to the church, was duly strengthened by the strin- 
gent provision of the canon law, which prohibited heretics from 
Christian burial, To repose in any but consecrated earth soon came 
to be ignominious; and thus the church-yard became a vital portion 
of the material machinery for enforcing spiritual obedience and theo- 
logical conformity. Nor was the power neglected. It governed 
Europe for several hundred years, and it was but shortly before the 
Protestant Reformation in England that one Tracy, being publicly 
accused in convocation of having expressed heretical sentiments iz 
Ais will, and being found guilty, a commission was issued to dig 
up his body, which was done accordingly.—(1 Burn, ‘Eecl. Law,” 
p. 266.) 

During the early portion of the Anglo-Saxon period, the power 
of the clergy over the dead was kept in check by uniting the lay 
with the clerical order in the eeelesiastical tribunals; but their juris- 
dietions were separated soon after the Norman conquest, aud the 
effect upon the dead is plainly discernible. The exclusive power of 
the ecclesiastics, denominated in legal phrase “ ecelesiastical cogni- 
zance,” became not only executive, but judicial. It was executive, 
in taking the body into their actual, corporeal possession, and practi- 
sally guarding its repose in their consecrated grounds; and it was 
judicial, as well in deciding all controversics involving the possession 
or the use of holy places, or the pecuniary emoluments which they 
yielded, as in a broader field, in adjudicating who should be allowed 
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to lie in conseerated earth, and, in fact, who should be allowed to be 
interred at ail, 

The deplorable superstition that could induce people to intrust 
such a power to any but its civil government and civil courts is 
amazing, and yet we find the sturdy English nation, under the gov- 
ernment of William of Normandy, stripping their cherished Anglo- 
Saxon courts of all power to protect the dead, and yielding them 
up blindfold to priestly cognizance. As Sir William Blackstone welt 
says, it was a “fatal encroachment” on the ancient liberties of Eng- 
land, Eight centuries have not sufficed to repair the mischief. An- 
selm and Becket, in modern garb, live even yet. 

The deep-seated, fundamental idea of human burial Hes in the 
mingling our remains with the mother earth. The “dust to dust! 
earth to earth! ashes to ashes!” of the Churech—echoing, in deeper 
solemnity, the “ter pudvere” of Horace, and hatlowing the dying wish 
of Cyrus—finds a universal response in the holiest instincts of man in 
every age. Here, then, was the tender spot for subtle power to touch. 
Logically pursuing this idea, the eeclesiastical process of excommuni- 
cation prohibited burial in the earth at all, whether consecrated or 
not. The precise words of the formula, as used in the tenth century, 
gave over the body of the contumacious offender for food to the fowls 
of the air and beasts of the field: “Sint cadavera eorum, in escam 
volatilibus cceli, et bestiis terre.” In some instances the sentence 
was more definite and specific, confining the corpse to the hollow 
trunk of a tree, “in coneavo trunco repositum.” The essence of the 
idea being to keep the body out of the earth and on the surface, it 
was sometimes figuratively expressed, in monkish rhetorie, by “the 
burial of an ass,” or by a stronger and more characteristic image, 
as “a dunghill:” “Sepultura asiné sepeliantur, et in sterquilinium 
super faciem terre sint.” Tie afflicted but sinful laity, to hide the 
horror of the spectacle, were wont, at times, to cover the festering 
dead with a pile of stones, thereby rearing a tuulus, or “ bloe ;” so 
that the process came to be commonly known, in medieval Latin, as 
“ tmblocare corpus,”—(Dn Cange, Glossary, “ Imblocare.”’) 

The same dominant idea of the unfitness of spiritual offenders to 
pollute the earth can be distinctly traced through the judicial eccle- 
siastical condemuations for several centuries. John Huss and Jerome 
of Prague being at the stake for heresy, early in the fifteenth century, 
under the ecclesiastical order of the Council of Constance, their ashes 
were not allowed to mingle with the earth, but were cast into the 
Rhine. 

The legal process of scattering the ashes of the heretic was evi- 
dently a very significant and cherished feature in the ecclesiastical 
code of procedure, and it was executed in the different portions of 
Christendom with all attainable uniformity and precision, Within its 
comprehensive range it embraced not only the ashes of the heretic 
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freshly burnt, but the mouldering remains of any who had been snf- 
fered, through mistake or inadvertency, to slip into their graves, 
Wrychitte, the first English translator of the Seriptures, bad ventured, 
in life, to question certain points of dogmatic theology, but, dying in 
his bed, in the year 1584, had been allowed to sleep for forty-one years 
ina ehurch-yard in Leicestershire, The assembled dignitaries in the 
Council of Constance, after duly disposing of the ashes of Huss and 
Jerome, jndicially declared the heresy of Wycliffe, and his bones 
were accordingly dug up and burnt, and the ashes thrown into the 
river Avon, in the due exercise of the exeentive branch of ecclesiasti- 
cal cognizance, in the year 1425 of the Christian era. 

Nor was the ecclesiastical cognizance of the dead confined to 
delinquents of low degree, or in the plainer walks of life. The Em- 
peror of Germany, Tenry IV., the victor of more than sixty battles, 
dying under papal excommunication by Hildebrand, the seventh 
Gregory, was compelled to lie for five years unburied, in the very 
sight of the majestic cathedral of Spires, which his father had com- 
menced, and he had completed. 

But the high and transcendent energy of ecclesiastical cognizance 
was completely developed in England in the thirteenth century, when 
it reached its culminating point, with the whole kingdom as the de- 
fendant. From the year 1207 to the year 1213, the interdict of In- 
nocent JIT. kept out of their lawful graves all the dead, from the 
Channel to the Tweed. No funeral-bell in the kingdom was permitted 
to toll; the corpses were thrown into ditches, without prayer or hal- 
lowed observance, and the last drop of priestly malice and vengeance 
was exhausted, in compelling all, who wished to marry, to solemnize 
the ceremony in the church-yard. 

It was during this unbridled career of papal agerandizement 
through these dark and dismal ages, that the ancient civil courts of 
England gradually lost their original legitimate authority over places 
of interment, as private property, and their proper and necessary con- 
trol over the repose of the dead. The clergy monopolizing the judicial 
power over the subject, burial was committed solely to ecclesiastical 
cognizance, while the secular courts, stripped of all authority over the 
dead, were left to confine themselves to the protection of the monu- 
ment, and other external emblems of grief, erected by the living. But 
these they guarded with singular solicitude. The tombstone, the 
armorial escuteheons, even the coat and pennons, and ensigns of honor, 
whether attached to the church edifice or elsewhere, were raised as 
“heirlooms” to the dignity of inheritable estates, and descended 
from heir to heir, who conid hold even the parson liable for taking 
them down or defacing them. 

The reverent regard of the common Jaw for these memortals is cu- 
riously manifested by Coke in the “ Third Institute,” page 203, where 
he expatiates upon a monumental stone, in his time more than four 
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hundred years old, inseribed with the name of a Jewish rabbi, and 
inlaid in the ancient wall of London—as if to intimate that the law 
would protect from injury that venerable piece of antiquity. 

But at this point the courts of the common Jaw stopped, and held, 
in humble deference (o the ecclesiastical tribunals, that the heir could 
maintain no civil action for indecently or even impiously disturbing 
the remains of his buried aneestor, declaring the only remedy to be- 
loag to the parson, who, having the freehold of the soil, could main- 
tain trespass against such as should dig or disturb it, The line of 
legal demarkation established in this subject, between the ecclesi- 
astical and the common-law courts, is thus defined by Coke: “If a 
nobleman, knight, esquire, ete., be buried in a church, and have his 
¢oat-armor and pennons, with his arms, and such other insigns of honor 
as belong to his degree or order, set up in the ehurch, or 7f @ grave- 
’ stone be luid or made for memory of him, albeit the freehold of the 
chureh be in the parson, and that these be annexed to the freehold, 
yet cannot the parson, or any, take or deface them, but he is subject 
to an action to the hefre and his heires, iv the honor and memory of 
whose ancestor they were set up” (1st Inst., 4,18 4). In the “Third 
Institute,” page 203, he asserts the authority of the Church, as follows: 
“Tt is to be observed,” says he, “that in every sepudchre that hath a 
monument, two things are to be considered, viz.: the monument, and 
the sepulture or buriall of the dead, The dariadl of the cadaver, that 
is caro data vermibus” (flesh given to wornis), “is nudlius tn bonis, 
and belongs to ecclesiastical cognizance; but as to the monument, 
action is given, as hath been said, at the common law for the defacing 
thereof.” 

With all proper respect for the legal learning of this celebrated 
judge, we may possibly question both the wisdom and the etymology 
of this verbal conceit, this fantastic and imaginary gift, or outstanding 
grant to the worms. In the English jurisprudence, a corpse was not 
given or granted to the worms, but it was taken and appropriated by 
the Churel. In Latin, it was a “cadaver” only because it was some 
thing fallen (¢@ cadencdo), even as the remains of fallen cities, in the 
letter of Sulpieins to Cicero (“ Lit, Fam.,” 7), are denominated “ cada- 
vera oppidorian.” 

The learned lexicographers and philologists Martinius and the 
elder Vossius, both of them contemporaries of Coke, wholly dissent 
from his whimsical derivation, Martinius derives “cadaver” from 
“eudendo, quia stare non potest,’ “ Lexicon Philologicum Martinii,” 
1720; while Yossins unequivocally reproves the derivation in ques- 
tion, as an act of pleasant but inflated trifling, “ Suaviter nugantur,” 
says he, “qui eadaver conflation aiunt, ex tribus vocibus, caro data 
vermibus” (“Etymologicon Lingux Latin,” Amsterdam, 1662). And 
yet this inflated Latin trifle, the offspring only of Coke’s characteristic 
and inordinate love of epigram, has come down through the last three 
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hundred years, copied and reeopied, and repeated again and again by 
judges aud legal writers, until it las imparted its tincture to the laws 
of the dead, throughout every portion of the earth whieh listens to the 
English tougue. 

But even the dretuin itself, if closely examined, will not be found 
to assert that no individual can have any legal interest in a corpse. 
It does not at all assert that the corpse, but only that the “dural” is 
“nallius in bonis;” and this assertion was legally true in England 
where it was made, for the pecnliar reason above stated, that the tem- 
poral office of burial had been brought within the exclusive, legal 
cognizanee of the Chureh, who could and would entorce all necessary 
rules for the proper sepulture and custody of the body, thus rendering 
any individual action in that respect unnecessary. The power thus 
exercised by the ecclesiastical tribunals was not spiritual in its nature, 
but merely temporal and juridical. It was a legal secular authority, 
whieh they had gradually abstracted from the ancient civil courts, to 
which it had originally belonged; and that authority, from the very 
necessity of the case, in the State of New York, must now be vested 
in its secular courts of justice. 

The necessity for the exercise of such authority, not only over the 
burial, but over the corpse itself, by some competent legal tribunal, 
will appear at once if we consider the consequences of its abandon- 
ment. If no one has any legal iuterest in a corpse, uo one can legally 
determine the place of its interment, nor exclusively retain its cus- 
tody, .\ son will have no legal right to retain the remains of his 
father, nor a husband of his wife, one moment after death. A father 
cannot legally protect his daughter’s remains from exposure or insult, 
however indeceut or outrageous, nor demaud their reburial, if dragged 
from the grave. The dead deprived of the legal guardianship, how- 
ever partial, which the Chureh so long had thrown around them, and 
left unprotected by the civil courts, will become, in law, nothing but 
public nuisances, and their custody will belong only to the guardians 
of the public health, to remove and destroy the offending matter, 
with all practicable economy and dispatch. ‘The criminal courts may 
punish the body-snatcher who invades the grave, but will be power- 
less to restore its coutents. The honored remains of Alexander Ham- 
ilton, reposing in our oldest chureh-yard, wrapped in the very bosom 
of the community, built up to greatness by his consummate genius, 
will become “ nudiius in bonis,” and belong to that community no 
longer, The sacred relies of Mount Vernon may be torn from their 
“mansion of rest,” and exhibited for hire in our very midst, and no 
civil anthority can remand them to the tomb, 

Applied to the case now under examination, the doctrine will 
deny to a daughter, whose filial love had followed her father to the 
grave, and reared a monument to his memory, all right to ask that 
his remains, uprooted by the city authorities and cast into the street, 
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shall again be decently interred. In England, with judicial functions 
divided between the state and the Church, the secular tribunals would 
protect the monument, the winding-shect, the grave-clothes, even 
down to the ribbon (now extaut) which Ued the gueuwe ; but the 
Church would guard the skull and bones. Which of these relics best 
deserves the legal protection of the Supreme Court of law and equity 
ofthe State of New York? Does not every dictate of common- 
sense and common decency demand a common protection, for the 
grave and all its contents and appendages ? Is a tribunal like this 
under any legal necessity for measuring its judicial and remedial 
action by the narrow rule and fettered movement of the common law 
of England, erippled by eeclesiastical interference ? May it not put 
forth its larger powers and nobler attributes, as a court of enlightened 
equity and reason ? 

The due protection of the dead engaged the earnest attention of 
the great lawgivers of the polished nations of antiquity. The laws 
of the Greeks carefully guarded the private rights of individuals in 
their places of interment; and a similar spirit shines forth, in the 
clear intelligence and high refinement of the Roman jurisprudence. 
In the “ Digest of the Civil Law,” pl. 47, title 12, we find the bencfi- 
cent and salutary provision, which gave a civil remedy, by the “ Se- 
pulchri violati uctio,” to every one interested, for any wanton distur- 
bance of a sepulchre, and where “Ulpian, preetor, ait; Cnjus dolo 
malo sepulchrum violatum esse dieetur in eum in factum judicium 
dabo ut ef ud quem pertineat, quantiob eam rem eqmun, videbatur 
condainnetur, Si nemo erit ad quem pertineat, sive agere nolet; 
quicunque agere volet, ei centum aureorum, actionem dabo”—a sep- 
ulchre being comprehensively defined, by another clause, to be, any 
place in which the body or bones of a man were deposited: “ Sepued- 
chrion est, ubi corpus ossave hominus, condita sunt.”—(“ Dig.,” pl. 7, 
§ 2.) 

Nor does the dictum of Coke, now under consideration, assert— 
for historically it would not be trne—that no individual right to pro- 
tect the repose of the dead had ever existed, under the common law 
of England, So far from that, we see in the provision above extracted 
from the “Digest,” that the individual right did exist, during the 
greater part of the four hundred years when England, then called 
Britain, formed part of the Roman Empire. In the six centuries of 
Saxon rule which succeeded, as is forcibly observed by Chancellor 
Kent, “the Roman civilization, laws, usages, arts, and manners, must 
have left a deep impression, and have become intermixed and incor. 
porated with Saxon laws and usages, and constituted the body ‘ of the 
ancient English common law? ”—(1 Kent’s “Commentaries,” p. 547.) 

The provision in question had been introduced into the Roman 
jurisprudence, long before its systematic codification by Justinian. 
It bears on its face the name of Ulpian, the great Roman jurist, who 
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not only lived as early as the second century of the Christian era, but 
actually assisted (as Selden states in his “ Appendix to Fleta ”) in the 
judicial administration of Britain, Ife was the contemporary, and 
doubtless the personal and protessional friend, of the celebrated pra- 
torian-prefect Papinian, himself the most distinguished lawyer of his 
age, and ehief administrator, in the year 210, of the Roman govern- 
ment at York, Selden glowingly depicts the judicial illumination of 
that early British age, as flourishing alike under the “ Jus Ceesareum,” 
the imperial law, and its able administration by those two most ac- 
complished and illustrious Romans, “ viri peritissimi, illustrissimique 
& Romanis.—(Selden’s “ Appendix to Fleta,” p. £78.) 

Nor is there any reason to believe that the Romanized British, 
when released, in the fifth century, from their political allegiance 
to the empire, abandoned the civilization, or abrogated the laws or 
usages which they had so long enjoyed; still less that they would 
scek or desire, in any way, to withdraw from their sepulchres and 
graves the protection which those laws had so fully secured. There 
is not a shadow of historical evidence that, under the Saxon invaders, 
who sueceeded the Roman governors, any less respect was shown for 
the buried dead. On the contrary, it is distinctly shown by the Sean- 
dinavian historians, that these partially civilized Saxons had been 
specially tanght to reverence their places of burial by their great 
leader Odin, the father of Scandinavian letters, distinguished for his 
eloquence and persnasive power, and especially commemorated as 
being the first to introduce the custom of erecting gravestones in 
honor of the dead. 

In the dim and flickering light by which we trace the laws of these 
long-buried ages, the fact is significant and instructive that, of the 
several founders of the seven little Saxon kingdoms constituting the 
Heptarchy, nearly all deduced their descent, more or less remotely, 
from Odin himself. Uengist, who led the Saxon forces into Britain, 
and beeame first King of Kent, claimed with peculiar pride to be his 
great-grandson—rendering it quite improbable that during the rule 
of himself or his race, or that of his kindred sovereigns, which lasted 
from three to four hundred years, Saxonized Britain learned to aban- 
don its buried ancestors, or hold them, in law, “nullius in bonis.” 

Nor do we find, in the occasional inroads of the Danes temporarily 
disturbing the Saxon governments of England, any evidence that they 
obliterated, in the slightest degree, the reverential usages in the mat- 
ter of the dead, coming down from Odin, The early laws of that rude 
people, carefully collected in the twelfth century by the learned anti- 
quary Saxo Grammaticus, speak with abhorrence of those who insult 
the ashes of the dead, not only denouncing death upon the “alieni 
eorruptor eineris,” but condemning the body of the offender to lie for- 
ever unburied and unhonored.—(“ Law of Frotho,? Saxo Grammati- 
cus, lib. v.) 


330 THE POPULAR SCIENCE MONTHLY. 


The law of the Franks, uear neighbors of the Saxons, cited by 
Montesquieu (“Spirit of Laws,” lib. 30, chap. 19), not only banished 
from society him who dug up a dead body for plunder, but prohibited 
any one from relieving his wants, until te relatives of the deceased 
consented to his readmission—thus legally and distinctly recognizing 
the peculiar and personal interest of the relatives in the remains. 

We are, indeed, so surrounded by proof of the universal reverence 
of the Gothic nations for their buried ancestors that we are justified 
in asswning it to be historically certain that the barbarous idea of 
leaving the dead without legal protection never originated with 
them; that the enlightened provision of the Roman jurisprudence, 
which protected in Britain the individual right to their undisturbed 
repose, not ouly remained unaffected by the Saxo invasion, but was 
implanted by that event still more deeply in the ancient common law 
of England; and that it must have been vigorously enforced, as well 
by the earliest secular courts of the Anglo-Saxons, as in that transi- 
tion period of their judicial history, when the sheriff and the bishop, 
sitting side by side on the bench, united the lay and the ecclesiastical 
authority in a single tribunal. 

Nor was the right to protect the dead eradicated by the Norman 
conquest. It is true that the swarm of Romish ceclesiastics which 
poured into England with the Conqueror exerted themselves actively 
and indetatigably to monopolize for the Church the temporal author- 
ity over the dead; but that by no means proves that they were left 
unprotected, On the contrary, it was a concentration in the ecelesi- 
astical body of every right which any individual had previonsly pos- 
sessed, to secure their repose. The individual right was not extin- 
guished, it was only absorbed by the Chureh, and held in suspense, 
until some political revolution or religious reformation should over- 
throw the ecclesiastical power which had thus secured its possession. 

The eeclesiastical element was not eradicated from the framework 
of the English Government, either by the Reformation or the act of 
Parliameut establishing the Protestant succession, but in the portion 
of the world which we inhabit the work has been more thoroughly 
accomplished. The English emigration to America—the most mo- 
mentous event in political history—commenced in the very age when 
Chicf-Justice Coke was proclaiming, as a legal dogma, the exclusive 
authority of the Church over the dead. The liberty-loving, God-fear- 
ing Englishmen who founded these American States had seen enough 
and felt enough of “ ecclesiastical cognizance,” and they crossed a 
broad and stormy ocean to a new and untrodden coutinent, to escape 
from it forever. 

It may well be that some of the legislative enactments of these 
weather-beaten men, in the early morning of their political life, while 
yet unused to the meridian light of religions freedom, are disfigured 
by the same intolerance they had left behind them, They may have 
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even mingled in their general scheme of civil policy an ecclesiastical 
element sterner and more searching than that of the Church from 
which they dissented, The curious historian may analyze, if le will, the 
earnest puritanism of early New lngland, or even the sturdy bigotry 
of early New Netherland ; it is cuough for the Commonwealth of New 
York, “ by the grace of God, free and independent,” to know that its 
first written constitution, horn in 1777, in the very depths of the Revo- 
lutionary struggle, extirpated from the hody politic every lingering 
element of ecclesiastical cognizance or spiritual authority. On all its 
features it bears the unextinguishable love of religions frecdom, 
bronght to our shores by the refugees from ecclesiastical tyranny, 
not only in England, but in Wolland and France. Its ever-memorable 
declaration of religious independence—oftspring of the lofty intellect 
and noble heart of John Jay, and growing bright with his Huguenot 
blood—proclaims to the world the fundamental resolve, “not only to 
expel civil tyranny, but also to guard against that spiritual oppres- 
sion and intolerance wherewith the bigotry and ambition of weak 
and wicked priests and princes have scourged mankind.” 

Following up this fixed determination, and yet with wise regard 
and unaffected reverence for the Christian Church in its purity, the 
illustrious authors of this Magna Charta of our religious liberty, pro- 
hibit any “minister of the gospel, or priest of any denomination,” 
from holding any office, civil or military, within the State; inscribing 
in the organic law, thus unmistakably, their settled purpose to de- 
liver both dead and living from ecclesiastical cognizance, to emanci- 
pate the courts of justice from every priestly and medixval fetter, and 
to allow them to breathe, through all coming time, the invigorating 
air of ancient, Anglo-Saxon freedom. 

It is a striking proof of the inveterate attachment, even of the 
most enlightened nations, to prescriptive authority, that the monk- 
ish idea of the chureh-yard as an engine of spiritual power not 
only lingers in England, but is boldly proclaimed in its very metrop- 
olis, Within the last two years, the Archdeacon of London, in an 
official address to the clergy of the Established Church within his dis- 
trict, openly complains of modern legislation in the British Parlia- 
ment, in establishing extra-mural cemeteries around their crowded 
cities; for, says he, “the church and the church-yard of the parish 
have hitherto been one of the strongest ties, to dind the people at 
large to the communion of the Church.” And again, “ Burial Zownd, 
I say, the people, in the metropolis, to the Established Church.” 

It certainly is not for us to interfere with the ecclesiastical law of 
England, nor needlessly to criticise its claims to the respect of the 
people whom it binds. We only ask to banish its maxims, doctrines, 
and practices from our jurisprudence, and to prevent them from euid- 
ing, in any way, our judicial action. The fungons exerescence which 
required centuries for its growth may need an efilux of aves to re- 
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move. Burial in the British Islands may possibly remain, for many 
generations, subject exclusively to “ecelesiastical cognizance;” but 
in the new, transplanted England of the Western Continent the dead 
will find protection, if at all, in the secular tribunals, succeeding, by 
fair inheritance, to the primeval authority of the ancient, uncorrupted 
common law. 

It is gratifying, however, to perceive that, even in the English 
courts, traces are becoming discernible of a disposition to recognize 
the ancient right of burial at common law. In the year 1820, a legal 
claim was made by one Gilbert to bury, in a London churchyard, the 
Lody of his wife in an iron coffin, but it was resisted by the church- 
wardens, Buzzard and Boyer, on the ground that it would injuriously 
prolong the period when the natural decay of the body and of a 
wooden inclosure would make room in the grave for another oceu- 
pant. An application had been previously made in the same matter 
to the King’s Bench, for a mandamus (reported in 2 Barn. and Ald., 
p- 806), on which oceasion the distinguished counsel, Mr. Scarlett and 
Mr. Chitty, claimed that the right of interment existed at common 
law. In refusing the application, Chief-Justice Abbott said: “It may 
be admitted, for the purpose of the present question, that the right 
of sepulture is a common-law right, but Iam of opinion that the mode 
of burial is a subject of ecclesiastical cognizance.” Mr. Justice Hol- 
royd, after duly reproducing Coke’s caro duta vermibus, declared that 
“burial is as much a matter of ecclesiastical cognizance as the prayers 
that are to be used, or the ceremonies that are to be performed at the 
funeral.” 

The matter, which had caused some public disturbance in London, 
was therenpon carried into the Ecclesiastical Court, then adorned by 
the learning and talents of Sir William Scott (since Lord Stowell). 
In the very claborate and eloquent opinion delivered by the accom- 
plished judge on that occasion (reported in 3 Phillimore, p. 335), he 
reviews the whole history of burial, from the remotest antiquity, philo- 
sophically tracing the progress of interment through the heathen and 
the Christian ages. Drawing a distinction between the coftined and 
uncoftined funerals of early times, he admits that many authoritative 
writers assert the right of a parishioner to be buried in his own parish 
church-yard, but he denies that it necessarily includes the right to 
bury a “trank or chest” with the body. “ The right,” says he, 
“ strictly taken, is, to be returned to the parent earth for dissolution, 
and to be carried there in a decent and inoffensive manner.” The 
honest sense and fecling of the judge were evidently struggling with 
ecclesiastical Jaw and usage, but he came to the conclusion that no 
mode of burial could be permitted which would prolong the natural 
decay of the body, or needlessly preserve its identity; that the lapse 
of a single generation is practically sufficient for mingling human re- 
mains with the earth, and destroying their identity; that, the dead 
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having no legal right to crowd the living, each buricd generation 
must give way to its successor; and that, therefore, an iron coflin, 
which would unduly and unlawfully prolong the period for identify- 
ing the remains, was ecclesiastically inadmissible, unless an extra fee 
were paid to the Church. 

The court will perecive, by the proofs in the case now under ex- 
amination, that the remains of the exhumed body are identified beyond 
doubt or question. The skeleton of the “posthumous man” is now 
legally “ standing in court,” distinetly individualized ; with his daugh- 
ter, next and nearest of kin, at his side, to ask that the tribunal whose 
order for widening the street ejected him from the grave will also 
direct his decent interment. 

It was the pride of Diogenes, and his disciples of the ancient 
school of cynics, to regard burial with contempt, and to hold it utterly 
unimportant whether their bodies should be burned by fire or de- 
voured by beasts, birds, or worms; and a French philosopher of mod- 
ern days, ina somewhat kindred spirit, deseants upon the “ glorious 
nothingness ” of the grave, and that “ nameless thing ”—a dead body. 
The seeular jurisprudence of France holds it in higher and better re- 
gard, In the interesting case reported in “ Merlin’s Répertcire,” title 
“Sepulture,” where a large tract of land near Marseilles had necessarily 
been taken for the burial of several thonsand bodies, after the great 
plague of 1720, it was adjudicated, by the secular court, that the land 
should not be profaned by culture even of its surface, until the buried 
dead had monldered into dust. The eloquent pluidoycr of the avocat- 
général wpon that oceasion dwells with emphasis on the veneration 
which all nations, in all ages, have shown for the grave—adding, 
however, with some little tinge of national irreverence, “C’est nne 
vénération toujours révocable / et toujours subordonnée au bien 
public.” 

In portions of Europe, during the semi-barbarous state of society in 
the middle ages, the law permitted a creditor to seize the dead body 
of his debtor; and, in ancient Egypt, a son could borrow money by 
hypothecating his father’s corpse; but no evidence appears to exist 
in modern jurisprudence of a legal right to convert a dead body to 
any purpose of pecuniary profit, 

It will be seen that much of the apparent difficulty of this subject 
arises from a false and needless assumption in holding that nothing 
is property that has not a pecuniary value, The real question is not 
of the disposable, marketable value of a corpse, or its remains, as an 
article of traffic, but it is of the sacred and inherent right to its cus- 
tody, in order decently to bury it and secure its undisturbed repose. 
The insolent dogma of the English ecclesiastical law, that a child has 
no such claim, no such exclusive power, no peculiar interest in the dead 
body of its parent, is so utterly inconsistent with every enlightened 
perception of personal right, so inexpressibly repulsive to every proper 
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moral sense, that its adoption would be an etcrnal disgrace to Ameri- 
can jurisprudence. The establishment of a right so sacred and pre- 
cious ought not to need any judicial precedent. Our courts of justice 
should place it, at once, where it shonld fundamentally rest forever, 
on the deepest and most unerring instincts of human nature, and hold 
it to be a selfevident right of humanity, entitled to legal protection, 
by every consideration of feeling, decency, and Christian duty. The 
world does not contaim a tribunal that would punish a son who should 
resist, even unto death, any attempt to mntilate his father’s corpse, or 
tear it from the grave for sale or dissection ; but where would he find 
the legal right to resist, except in his peculiar and exclusive interest 
in the body ? 

The right to the repose of the grave necessarily implies the right to 
its exclusive possession, The doctrine of the legal right to open a 
grave in a cemetery, after a certain lapse of time, to receive another 
tenant, however it may be sanctioned by custom in the English 
church-yards, or by Continental usage at Pére-la-Chaise and_ else- 
where, will hardly become acceptable to the American mind, still less 
the Italian practice of hastening the decomposition of the dead by cor- 
rosive elements. The right to the individnality of a grave, if it exist 
at all, evidently must continue, so long as the remains of the oecnpant 
can be identitied—and the means of identifying can only be secured 
and preserved by separate burial. The due and decent preservation 
of human remains by separate burial is preéminently duc to Christian 
civilization, which, bringing in the coffin and sarcophagus, superseded 
the heathen custom of burning, and “ gave,” in Lord Stowell’s vivid 


phrase, “ final extinction to the sepulchral bonfires.” 
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THE RELATIONS OF WOMEN TO CRIME. 
By ELY VAN DE WARKER, M.D. 


IT. 


SITALL, in this paper, consider briefly the sexual and other physi- 
A. cal and mental conditions which modify woman’s relations to 
erime, These conditions (8) mainly depend upon—1. Age; 2. Hered- 
ity; 38. Physieal; and 4. Mental sexual peenliarities. Ina former paper 
of this series,’ I believe I proved, beyond a doubt, that there are types of 
mind which are purely the outcome of sex, and which define the men- 
tal condition of the sexes. In that paper, criminal statistics were 
used to assist in establishing the fact of sexual mental differences. 
Here the method is reversed, and sexnal mental traits are employed 
to explain the known differences in the extent and degree of crime 
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existing among menand women, This will involve the use of some 
of the facts already considered. While it is true that the social condi- 
tions, which we have so briefly analyzed, bear upon woman chiefly 
because she is as she is, yet they bear also wpon the other sex. Many 
of the sexnal conditions we shall study relate to women alone, and, 
therefore, in their criminal career, exist as a defining toree. Lf) in 
the ordinary concerns of life, women exhibit mental traits which serve 
amply to distingnish them, and place limits to their activity, not less 
in the tabnlated histories of erime are the same distinctions and limits 
fonnd. 

1, Age materially influences the extent and degree of crime in 
both sexes. In relation to physical and functional development, ave 
exists as a defining force. It appears to affect the criminal careers of 
the sexes in two ways: by permitting such a degree of bodily power 
to be reached as to render possible criminal acts in different degrees ; 
and, the hodily powers remaining the same, the varying mental condi- 
tions produce changes in the foree and direction of the ertminal im- 
pulse. Each period of life, therefore, is characterized by degrees and 
qualities of crime which belong to it. In other words, certain phases 
of crime are perpetrated at one period of life in excess of any other 
period. These remarks do not apply to both sexes equally, for these 
periods do not correspond either as to age, or in the nature of the 
offense, the excess of which distinguishes one period from another. 

For the purpose of studying the influence of age upon the criminal 
career of women, I shall analyze the figures of Mr. F. G, P. Neison,? 
The materials embraced in the table of Mr. Neison are for five years, 
from 1834 to 1839; for, strange to say, tne Home-Offiece returns, since 
the year last named, to the date cf Mr. Neison’s publication, ceased 
to give the age and sex with referenee to classes of crime. In order 
to simplify the comparison, I shall take the number of male criminais 
corresponding in age to the female, as the standard of measnrement 
in reference to any given division of crime. Fractions are omitted in 
reference to both sexes, 

At twelve years of age and younger the proportion of females to 
males is 1 to 6 for crimes against persons, and for crimes against prop- 
erty without violence for the same age the proportion is again 1 to 6. 
Bearing in mind what has been said in a former chapter,® that the 
ratios of the sexes as to crimes against persons and property are 16 to 
to 100 for the former, and 26 to 100 for the latter, and which also cor- 
respond to the difference in strength between the sexes, we see that 
the element of sexna] ineqnality in strength does not present itsclf as 
a factor, In other words, the correspondence in the proportion of the 
sexes to the two classes of erime represents physical equality, while 
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the difference (1 to 6) is the result of mental sexual traits, which, even 
at this early ave, present themselves. During the next four years the 
proportion in reference to crimes against persons is nearly double, being 
1 to 11; while against property the proportion decreases, being 1 to 5. 
The ayerage physical strength of the sexes for the second period (twelve 
to sixteen years) is about equal, so that this sudden proportional in- 
crease in crimes against persons in the male sex is the result almost 
entirely of those qualities which mentally characterize the male. This 
conclusion is rendered nearly positive by the fact that the maximum 
is attained by the males in the next five years, sixteen to twenty-one, 
and is only 1 to 12, during which period it is that the greatest difference 
in strength between the sexes is developed ; yet this difference is repre- 
sented by an increase of only 1 in the proportion, This agrees with 
what we know of men, that the development of the passions keeps just in 
advance of the development of the physical strength, just as the strength 
declines in advance of the passions. Studying for a moment longer 
this seeond period of life (twelve to sixteen) we learn this important 
fact: that in woman’s criminal career it is, proportionally with man, 
the best period in her life, for at this time also oceurs the greatest dit- 
ference in crimes against property, 1 to 5, the maximal difference in the 
sexes, as to crimes against persons, being reached at twenty-one years, 
For the periods following of ten years cach, the proportion steadily 
decreases in the following order, 1 to 9,1 to 7, until at the decade, 
between forty and fifty years, we reach again the proportion of child- 
hood (1 to 6). Now, the inference is, not that men grow better and 
women worse; but that the period of greatest passional intensity has 
been passed, while in both sexes the will has attained its greatest 
foree. In other words, the period of caution has been reached. This 
accords with the law that the greatest mental vigor corresponds with 
structural completion, That this explanation is plausible is shown by 
the fact that the last decade mentioned is the period in which the pro- 
portion hetween the sexes in crimes against property is more nearly 
equal, being 1 to 2 and a fraction, and which for former decades stead- 
ily held at 1 to 8, There is a further confirmation of this, in the fact 
that for two periods, fifty to sixty, and sixty and upward, crimes against 
persons increase among men; the proportion being 1 to 9 and 1 to 10 
respectively, That this is not the result of any increase of morality 
in the other sex, the uniform ratio of the sexes for erimes against 
property, during the ages last named, renders probable. From the 
same source we may obtain information which tends to show the truth 
of the remark made by M. Quetelet, that the proportion of women as 
to men increases “ according to the necessity of the greater publicity 
before the crime can be perpetrated.”? In the division of erime called 
offenses against the currency, we have the conditions favorable to a 
more even proportion of the sexes. In an offense of this kind the 
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physical equality is not involved. It becomes a question of secrecy, 
cunning, and shrewdness. These are mental qualities which exist 
with equal force in the sexes. Consequently in this division of crime 
for all ages we find a mean proportion of 1 to 2. Expressed in detail 
the proportion is equal in childhood, 1 to 2 at the next period, and 1 
to 3 for the three following, wutil, at the decade between forty and 
fifty years, it drops to 1 to 2, and is equal again for the two following 
periods. he influences which cause equality in the proportions at 
the two extremes of ages are probably those which produce the same, 
or nearly the same, results in relation to the other orders of crime. 

This analysis of Mr. Neison’s statistics reveals to us a very inter- 
esting period in the lives of both sexes—that between forty and fifty 
years. For all the classes of crime examined, we find the sexes at 
this period proportionally approaching equality ; being in two classes 
actually at that of childhood. These two classes of crime are those 
which involve the greatest violence, crimes against persons; and tle 
least, crimes against the currency. For the first, I have already 
offered a reasonable explanation, that of the period of caution ; but, in 
reference to the latter, we must search further, in order to get ata 
probable cause. In the last-named offense, we have as a character- 
izing mental trait the very condition which explains the decrease in 
the proportion for crimes against persons, and yet at the terminal 
periods of life we find it obeying the same Jaw, There is one fact 
which forces itself upon the attention in connection with this; that 
the first approach to equality in the proportions of the sexes begins 
suddenly at the term of life between forty and fifty years. This 
period, for men especially, is that in which the forces engaged in 
structural repair and waste are in equilibrium, It is one of structural 
rest, but of functional activity. At no other period in the life of man, 
therefore, is he physically more competent to meet the demands of his 
mental life. With women, it is also a period of structural rest, linked 
toa state of functional completion, so far as the prime motive of 
sexual life is concerned. It appears reasonable, in view of this, that 
physical factors be excluded as a probable cause of the phenomenon, 
But there exist valid reasons for exempting the male sex partly 
from the operation of the laws affecting this equalization in the pro- 
portion of the sexes. These reasons show presumptively that the 
subtile and obscure laws of crime operate more actively upon the female 
than the male sex; that, in obedience to these laws, her relations to 
crime are prolonged into periods of life when men are becoming, to a 
certain extent, exempt from their operations. 

My friend Mr. R. L, Dugdale, of New York, in his brilliant study 
of the natural history of crime,’ by au analysis of Tables I. and II. of 
Mr. Neison,? arrives at important facts. In the tables referred to, 

1“ Thirtieth Annual Report of the Prison Association, State of New York,” p. 179. 
2 Loc, cit., pp. 808, 804. 
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crime is classified according to age, and percentages are calculated 
based upon the total population for each age specified. The maximum 
for male criminals is found in the period of twenty to twenty-five 
years, with a percentage to the total population of that age of .7702, 
Between fifty and sixty years the percentage drops to only .1694. 
The same law holds good for women, but with modified ratios, Com- 
paring the two sexes, the following results are reached: the tendency 
to crime, as exhibited in its actual commission, for males at all ages 
until sixty, diminishes at the rate of 33.333 per centum. Tor females 
under similar conditions of age, it diminishes at the rate of 25 per 
centum. Keeping in view the liability to error in a search through 
the obscure underlying forces which seem to regulate human conduct 
in the aggregate, it nevertheless appears reasonable to expect an ex- 
planation of this phenomenon to lie in the physical rather than the 
meutal conditions of the sexes at the terminal periods of life. In the 
decade which was above distinguished as that of physical equilibrium, 
the governing principles seemed to be the expression of mental forces ; 
but, on reaching the sixtieth year of life, the conditions are reversed. 
While in the former the conditions of waste and repair were equal, in 
the latter the repair of the physical forces is exceeded by the waste. 
This is a law which applies equally to both sexes, but with this dit- 
ference in the result: the occupation and the crimes which belong in 
such great excess to men are those which reqnire more physical 
strength than the occupations and crimes which are adapted to the 
lesser strength of women. Let us take a familiar illustration: after 
a man at sixty years of age has retired from the scenes of his Jabor iu 
the mine, or field, or workshop, the wife of the same age, or older, is 
yet profitably engaged in her lighter domestic duties. She is yet con- 
tributing as materially to the comforts of her family as during the 
more active years of the husband’s life. Now, while it is quite evident 
that we must regard the canse of the sudden more near equality in 
the proportion of the sexes which presents itself in the period of life 
between forty and fifty years as due to psychical changes, the evi- 
dence is yet stronger that the ratio of the more rapid decrease of 
male eriminals at the more advanced period of fifty to sixty years is 
due to the eause I have named—the rapid impairment of physical 
energy peculiar to the period. Sinee men greatly preponderate in 
those phases of crime which demand strength, belligerency, and pub- 
licity in the perpetration, the conelusion is legitimate that crime 
would rapidly decrease at the time of life in which these qnalities are 
wanting, or are impaired. If we examine the relation of men to the 
orders of crime, in the perpetration of which these qualities are not 
necessary, aud in which strength may be replaced by caution, and 
belligerency by cunning, as in offenses against the currency, and in 
the sixth division of Mr. Neison called “ other offenses,” embracing 
the lighter shades of criminal conduct, we shall see that the propor- 
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tions between the sexes characteristic of earlier ages hold on un- 
changed through this last period of life. 

It will be interesting to return for a moment and examine what 
are the real proportions of the sexes, during the criminally most ac- 
tive period of life, between twenty-one and thirty years. While we 
would not expect im this period to find the groundwork laid for 
criminal conduct, yet it is the term of life, in both sexes, in which the 
effeets of heredity, of carly training, assume activity, and give shape 
and color to the destiny of the individual. What goes before may be 
called the germ period, and this the period of fruition, The years 
which precede the meridional term of life are under the influence of 
structural and intellectual genesis. It is the result of an aggregation 
of forces tending to a common end, Life has net reached the level 
of the conflicting emotions, passions, and activities, which at the com- 
pletion cf structure exist so potently. Activity at this period is the 
expression of simple laws, which lead to a uniform result. Myr, Nei- 
son, reasoning purely from statistics, arrives at the same conclusion, 
that “in the juvenile period of life the tendency to crime is under 
the influence of more constant laws or elemeuts, and therefore shows 
less fluctuation than in mature life.’ * The same conclusions hold 
good at the closing years of life, Youth and old age unite in the de- 
gree and quality of crime. The aggregate of crime in general is com- 
mitted at the earlier part of this intermediate period of both sexes. 
The crime of this decade of life is more than quadruple that of any 
other, During this period occur those differences in the tendency to 
crime between the sexes which aflect the total results. During this 
period, sex powerfully asserts its influence. Sex is no longer existing 
potentially in incomplete structure; but it is partly the sum of com- 
pleted structural effort. Psychically, it is emotion, passion, and un- 
cunscious cerebral activity. Physically, it is the difference in devel- 
opment aud meehanical power, Each of these is a factor in the dif- 
ferences real and apparent in the tendeiucy to crime existing between 
men and women. ‘There are many other causes, some of the more im- 
portant of which haye already been reterred to, and are of social rather 
than sexual origin. Dut social factors operate more strongly at this 
period than at any other, Society in allits phases is made up of the 
activities of this period of life. Those forces which in their totality 
express all there is of society, seem te concentrate and coincide with 
thoxe forces which express all there is of sex, and tend to one period 
of life common to both men and women. 

2, In this connection it is proper to examine the bearings of 
women to the hereditary tendency to crime, Recent study of the 
relations of sex to crime has shown that the hereditary element in the 
criminal tendency may assume sexual phases. This is exemplitied by 
the law of movement in the direction of the least resistance. The he- 


1 Loe. cit. p. 407. 
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reditary taint being a fixed factor, it assumes expression in acts which 
are most in accord with sexual peeuliarities. This is nearly equiva- 
lent to Dr. Carpenter’s theory of special mental aptitudes as giving 
direetion to the force of habit ;* except that its operation is exte nded 
to the hereditary transmissions of mental or physical qualities. It 
is only in the early middle period of life that, from the nature of 
things, we would expeet to find the criminal tendency under the 
complete sway of sexual life. The inherited criminal tendeney in 
childhood and early youth finds its outlet ina yiciousness common 
to both sexes, or in the milder forms of crimes against property. This 
is asserted on general principles. Dr. Chipenter yemarks that “ this 
diversity may beina great part attributed to changes in the physical 
constitution, Thus, ‘ie sexual feeling, which has a most powerful 
influence on the spieetion of the thoughts in adolescence, adult age, 
and middle life, has comparatively little effect at the earlier and later 
periods.?? This also accords with Mr. Dugdale’s theory of criminal 
analogues, This theory, in his important work,’ is mainly brought out 
in relation to the entailment of crime, and its truth les in the fact 
that, in the same family of criminals, while the males are thieves, the 
females are prostitutes—one the equivalent or analogue of the other. 
The same family, in the two extremes of life, childhood and old age, 
exhibits pauperism as either the reality or promise of a eriminal ca- 
reer. From the fact that panperism exists as a parasite upon pro- 
ductive society, and preys upon society to its permanent injury, and 
makes no return, it will be regarded in this paper as an equivalent to 
erime against property. When we consider that eriminals by entail- 
ment are exposed to environments possessing essential qnahtics in 
common, it is reasonable to expect that in such crime would conform 
in a more regular manner to those laws which seem to govern moral 
condnet, than in those who drift into crime throngh impulse or mis- 
fortune. This, ina general sense, holds true. M. Prosper Despine, 
in his “ Psychologie Naturelle,” shows that incendiarism exists in the 
young of hoth sexes with the sakeleed taint, as a characteristie. M. 
Despine brings out with great foree a mental condition of those who 
inherit crime that gives an additional cause for the operation of the 
laws of crime with almost undeviating regularity upon this elags. 
This is the total or nearly total absence of the moral sense — 
moral idiocy—which isolates the offspring of criminal families from 
the children of untainted birth. By this moral blindness they are 
distinguished throughout their lives. Thus there are wanting in this 
class the moral elements which effect or impede the criminal tendons 
in others. The sense of right or wrong, the sense of shame or dis- 
grace, In no way interferes with the criminal tendency. This is the 
very condition necessary for the unembarrassed operation of Mr, Dug- 


1“ Principles of Mental Physiology,” p. 374. 3 Loe, cit., p. 865. 
3“ Thirtieth Report,” ete., p. 146. 
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dale’s very probable law of criminal analogues or equivalents. Hence 
we may say, with almost positive certainty, that the children of both 
sexes, with the inherited taint, are paupers; that adult life in the 
mule is distinguished by pauperism aud crime; that adult Hie in the 
female is deyoted to prostitution, und that old age brings both sexes 
again to the state of pauperism. And here again we encounter the 
phenomenon revealed by an analysis of Mr, Neison’s statistics: the 
criminal equivalent existing between childhood and senility. It is 
childhood and old age joining hands, as it were, over the fevered and 
crime-laden middle Hfe. But, while the moral faculties are absent, 
the mental powers are perverted to an equal degree. Any one accus- 
tomed to closely observe eonfirmed criminals must be cognizant 
of the fact that they are not as othar men in their habits of mind. 
What one observes may not be ealled insanity, in the full meaning of 
the word, but it appears to be a departare from the standard one 
forms from mingling with average men, I have noticed this especially 
with regard to women. From an experience of two years with crim- 
inal women undergoing punishment in the Onondaga Penitentiary, I 
cannot reeall an instance in which menta. traits were wanting to dis- 
tinguish them from the average woman. In this class mental pecu- 
liarities may be intensified into aetual insanity, and the tendency to it 
exist stronger than in any other elass. M. Ribot’ shows that heredi- 
tary crime and insanity are closely connected, and refers to Drs. Fer- 
rus and Lélut, who have established the great frequency of insanity 
among criminals. Dr. Bruce Thompson, in a recent work,* supports 
this by figures, and proves that twelve per centum of insamity oecurs 
among prisoners, with fifty per centum of recommittals, revealing the 
strength of the inherited tendency. 

The two more important inherited criminal traits which reveal 
sexual types in their development are pauperism and prostitution, 
Pauperism appears to be as characteristic of the male sex as prostitu- 
tion is of the female. The ratio of sexes receiving relief is twenty per 
cent. of men to thirteen per cent. of women, in out-door, and thirteen 
per cent. of men to 9.5 per cent. of women in almshouse relief. De 
Marsangy fixes the ratio at seven times more vagabondage among 
men than women.? As a rule, women receive relief—if single—while 
child-bearing, and if married they follow the condition of the hns- 
band; while widows drift back into prostitution. “Thus we find,” 
remarks Mr. Dugdale, “that although the rates of wages are lower 
for women, charity is much more frequent ainong men.” * The above 
relates to those who are known to receive relief. The hereditary 
strength of the last-named offeuse is shown by the Juke family, so 


1“ Veredity,” p. 29. 2“ The Wereditary Nature of Crime.” 

3“ Etude sur la Moralité comparée de la Femme et de I'Homme,” par M. Bonne- 
ville de Marsangy. 

4 Loc. cit., p. 151, 
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carefnlly studied hy Mr. Dngdale—52.4 per cent. of the women fol- 
lowing prostitution. Hf hereditary disease accompanies the entail- 
ment of crime, pauperism is a matter of course; the snbjeet rarely 
attaining the rank of a criminal, except in the most petty of the 
offenses against property. Pauperism is a condition of effeteness. It 
represents the dregs which drop downward through the several strata 
of society. Moraliy, it is the most negative condition of hnmanity. 
The pauper has sunk below the level of crime. He abstains from 
crime, not by moral restraints, but by inertness, The woman with 
the same taint has sunk below the level of the active phases of crime, 
She drifts into harlotry because it is easier than to steal, If disabled, 
she becomes a pauper, and thus oscillates between the almshonse and 
the brothel—a passionless, nerveless being, with all the normal ener- 
gies crnshed ont under the burden of entailed defeets. 

3. Itis a more diffienlt matter to traee through the complicated 
net-work of passions, emotions, and motives, which underlies the de- 
grees and varieties of erime, the purely sexual pbysical factor. The 
main difficulty consists in discriminating this from the mental sexual 
differenees which may exist as a cause of differentiation in erime, It 
is essential, if possible, to gain an approximate idea of the limits of 
these differences. With the present data at eommand, this can be 
accomplished only in the most srperficial manner. There exists here 
more than the suspicion of a great law, the operation of which, if 
fully known, wonld clear up many of the doubts lingering around this 
important subject. While the physical differences will serve to ex- 
plain the varying relations of the sexes to crime in their broader and 
more superficial aspects, the mental sexual traits will serve to define 
the differences in motives, tendencies, and innate moral proclivities of 
the sexes. Instead of being satisfied with the*simple explanation, 
that the extent of man’s excess over woman as a criminal represents 
the excess of woman over man as a moral being, this knowledge 
would show that this is not a question of eomparative morality alone, 
but one of intellectual equivalents. To study carefully the seope of 
the moral equivalents of the sexes is to reach the relations of things in 
their genesis, It is in this way that the relations of the sexes socially, 
as well as in crime, will be taken ont of the realm of sentimentalism 
and placed upon a basis of fact. Sentimental views of the relation- 
ship of women to crime exist so generally, that they act as a force in 
the way of an unbiased investigation of the subject. Take, for in- 
stance, such a writer as M. de Marsangy,’ whose motive is the serious 
one of the amelioration of the penal laws in their bearings upon wom- 
en, who gravely concludes that man has a “nature less noble, less 
delicate, less perfect than woman,” and yet quotes approvingly that, 
“ Das Weib ist Engel oder Teufel.’ It is this personal bias which has 
hitherto obscured this subject, and rendered the work of such writers 


1 Loe. cit., p. 188. 
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as M. de Marsangy uscless for scientifie purposes. Fortunatcly, this 
style of scientific writing belongs to the French school of both scuti- 
ment and morals. 

The mental reflex result of physical strength, as expressed in tle 
criminal act, is more clearly shown in crimes against property at- 
tended with violence. Distinguishing it from the other orders of 
crinie—malicious offenses against property, and offenses without vio- 
lence—we have the motive in the first-mentioned class narrowed to 
the desire of possession, but so associated with the consciousness of 
personal strength that it is employed as an agent of the erime. LBel- 
ligerency, revenge, aud other emotions which tend to crime, are 
absorbed in the order of malicious offenses, and thus the ficld is left 
clear, in the class under analysis, for the full play of the physical 
factor. Omitting ages under sixteen years, as being too nearly equal 
physically in the sexes, and basing our proportion on the number of 
criminals of both sexes from that age to twenty-one ycars, the pro- 
portion is 1] woman to 18 men, while for the ten years following it is 
1 to 20,’ This is twice the proportion between the sexes for crimes 
agaist persons, and seven times that for crimes against property 
without violence, for corresponding ages. When we contrast this 
with the fact that the mean proportion between the sexes for all 
crimes against property is 1 to 4, and for crimes against the person 
it is 1 to 6, we may form an idea of the enormous influence of physi- 
cal strength as a restraint to womian’s criminal tendencies. We have, 
however, to modify this somewhat, by giving more or less yalne to 
woman's tendency to avoid those crimes which require publicity in 
beth the planning and perpetration, and which is implied in violent 
crimes against property; but even giving this trait due weight, the 
physical factor as exhibited in this order of crime is the one which, 
more than any other, defines its character, While woman’s deficient 
physical strength, compared to man’s, acts so powerfully as an obsta- 
cle in the division of crime just considered, it is highly probable that 
in other offenses it also acts in the same manner, varying in amount, 
as this quality is necessary to the successful perpetration of the crime, 
In those crimes in which this factor does not enter, we at once notice 
that the ratios of the sexes approximate. In adultery, for instance, 
the proportion of the sexes is about the same? Jn infanticide, 
IT have already remarked on the ease with which women enter upon 
a criminal course, when this conforms to the direction of purely 
sexual qualities; and, undoubtedly, intensity is added by the absence 
of physical strength as a requisite to the perpetration of the crime. 
In crimes against the currency, the same near equality in the number 
of the sexes involved may be noticed, and the fact that the propor- 
tions for the most active period of adult life and for childhood and 
old age are about the same renders it highly probable that this 
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equality is accounted for by the physical strength required for its 
perpetration being possessed equally by the sexes. In crimes against 
persons, the influence of this factor can be traced, but not in so marked 
a manner as in the crimes referred to. In poisoning, for instance, the 
ratio between the sexes is 91 women to 100 men,’ and while active 
mental traits may in part exist as causes for this nearly equal ratio of 
the sexes, yet the total absence of any need of physical strength must 
be given due value. Poison is essentially a weapon of weakness. It 
figures largely in history as the agent of women and politicians. One 
reason, which probably existed in medieval days, but which cannot be 
regarded in modern times, was the difficulty of detection in cases of 
death by poisoning. It was surrounded by an atmosphere of horrible 
suspicion, which was never relieved by certainty. It was selected as 
a political agent by reason of this seerecy, by both sexes, and thus at 
this period had no sexual qualities. Modern advances in chemistry 
have rendered poisoning one of the most surely detected of all crimes, 
and its perpetration has become a characteristic of the weak and cow- 
ardly. In some other offenses, as in incendiarism, in which physical 
strength is as nnessential as in poisoning, the ratio between the sexes 
falls to 84 in 100. Although this is a crime well within the compass 
of woman’s physical abilities, yet it involves other clements, which 
deter women from its perpetration. Motive, which is the exciting 
cause of erime and enters largely into the intensity of the tendency, 
cannot act so powerfully in the latter as the former crime. In order 
to ki, a stronger motive is required than to burn. Incendiarism 
requires considerable personal exposure, and danger of immediate 
detection, Parricide with a ratio of 50 to 100, and wounding of par- 
ents with a ratio of 22 to 100 (Quetelet), offer a remarkable contrast 
to murder and the wounding of strangers, with a ratio taken together 
of 9to 100. The necessity of physical strength exists eqnally in the 
perpetration of these crimes. The marked difference in ratio, there- 
fore, must be explained by other means, Opportunity and domes- 
ticity, already referred to in a former paper, exist largely as the cause 
of the difference. M. Quetelet, speaking in general terms of the in- 
fluence of opportunity and domestic habits upon woman’s criminal 
career, remarks: “They can only conecive and execute guilty projects 
on indiyvidnals with whom they are in the greatest intimacy; thus, 
compared with man, her assassinations are more often in her family 
than out of it.’ It would be difficult to present a stronger argument 
of the influence of woman’s social position as a restraint to crime. 
As we observe in the crimes just referred to, it is not the enormity of 
the offense which restrains, for we have in parricide twelve times the 
frequency of murder; it is not weakness, for then parricide, murder, 
and wounding, shonld agree in frequency. We are able to trace in 
this no influence of morality, it is simply the result of the varying 
degrees of opportunity, domestic life, and mental peculiarities, 
1 Quetelet, loc. cit, p. 91. 
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THE HISTORY OF TWINS, AS A CRITERION OF THE 
RELATIVE POWERS OF NATURE AND NURTURES 


By FRANCIS GALTON, FL RS 


rPXUE exceedingly elose resemblance attributed to twins has been 
the subject of many novels and plays, and most persons have 

felt a desire to know upon what basis of truth those works of fiction 

may rest. But twins have many other claims to attention, one of 

which will be discussed in the present memoir. It is, that their 
history affords means of distinguishing between the effects of ten- 
dencies received at birth and of those that were Imposed by the 
cireumstanees of their after-lives ; in other words, between the effects 
of nature and of nurture. This is a subject of especial importance 

in its bearings on investigations into mental heredity, and I, for my 
part, have keenly felt the difficulty of drawing the necessary dis- 
tinction whenever I tried to estimate the degree im which mental 
ability was, on the average, inherited. The objection to statistical 
evidence in proof of its inheritance has always been: “The persons 

whom you eompare may have lived under similar social conditions 

and have had similar advantages of education, but such prominent 

conditions are only a small part of those that determine the future 

of each man’s life, It is to trifling aceidental circumstances that the 

bent of his disposition and his success are mainly due, and these you 

leave wholly ont of account—in fact, they do not admit of being 

tabniated, and therefore your statistics, however plansible at. first 

sight, are really of very little nse.” No method of inquiry which I 

have been able to carry out—and I have tricd many methods—is 

wholly free from this objection. I have therefore attacked the prob- 

lem from the opposite side, seeking for some new method by which 

it would be possible to weigh in just scales the respective eflects of 

nature and nurture, and to ascertain their several shares in framing 

the disposition and intelleetual ability of men, The life-history of 
twins supplies what I wanted. We might begin by inqniring about 
twins who were closely alike in boyhood and yonth, and who were 

edueated together for many years, and learn whether they subse- 

quently grew unlike, and, if so, what the main causes were which, in 

the opinion of the family, produced the dissimilarity. In this way 

we may obtain much direct evidence of the kind we want; but we 

can also obtain yet more valuable evidence by a converse method. 

We can inquire into the history of twins who were exceedingly unlike 

in childhood, and learn how far they became assimilated under the 

‘In my “English Men of Science,” 1874, p. 12, I treated this subject in a cursory 
way. It subsequently oceurred to me that it deserved a more elaborate inquiry, which 
I made, and of which this paper is a result. 
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influence of their identical nurtures; having the same home, the same 
teachers, the same associates, and in every other respect the same 
surroundings. 

My materials were obtained by sending circulars of inquiry to 
persons who were either twins themselves or the near relations of 
twins. The printed questions were in thirteen groups; the last of 
them asked for the addresses of other twins kuown to the recipient 
who might be likely to respond if I wrote to them. This happily led 
to a continually-widening circle of correspoudence, which I pursued 
until enongh material was accumulated for a general reconnaissance 
of the subject. 

There is a large literature relating to twins in their purely surgical 
and physiological aspect. The reader interested in this should con- 
sult “Die Lehre von den Zwillingen,” von L. Mleinwichter, Prague, 
1871; it is full of references, but it is also disfigured by a number of 
numerical misprints, especially in page 26. I have not found any 
book that treats of twins from my present point of view. 

The reader will easily understand that the word “twins” is a 
vague expression, which covers two very dissimilar events; the one 
corresponding to the progeny of animals that have usually more than 
one young one at a birth, and the other corresponding to those donble- 
yolked egyes that are due to two germinal spots in a single ovum. 
The consequence of this is, that I find a curious discontinuity in my 
results. One would have expected that twins would commonly be 
fonnd to possess a certain average likeness to one another; that a few 
would greatly exceed that degree of likeness, and a few would greatly 
fall short of it; but this is not at all the case. Twins may be divided 
into three groups, so distinct that there are not many intermediate 
instances; namely, strongly alike, moderately alike, and extremely 
dissimilar, When the twins are a boy and a girl, they are never 
closely alike; in fact, their origin never corresponds to that of the 
above-mentioned double-yolked eggs, 

I have received about cighty returns of cases of close similarity, 
thirty-five of which entered into many instructive details. In a few 
of these not a single point of ditference could be specitied. In the re- 
mainder, the color of the hair and eyes was almost always identical ; 
the height, weight, and strength were generally very nearly so, but I 
have a few cases of a notable difference in these, notwithstanding the 
resemblance was otherwise very near. The manner and address of 
the thirty-five pairs of twins are usually described as being very simi- 
lar, though there often exists a difference of expression familiar to 
near relatives but unperceived by strangers. The intonation of the 
voice when speaking is commonly the same, but it frequently happens 
that the twins sing in different keys. Most singularly, that one point 
in which similarity is rare is the handwriting. I cannot account for 
this, considering how strongly handwriting runs in families, but-I am 
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snre of the fact. [have only one case in which nobody, not even the 
twins themselves, could distinguish their own notes of lectures, ete. ; 
barely two or three in which the handwriting was undistinguishable 
by others, and only afew in which it was described as closely alike, 
On the other hand, I haye many in which it is stated to be unlike, and 
some in which it is alluded to as the ouly point of difference. 

One of my inquiries was for anccdotes as regards the mistakes 
made by near relatives, between the twins. They are numerous, but 
not very varied in character, When the twins are children, they have 
commonly to be distinguished by ribbons ticd round their wrist or 
neck ; nevertheless, the one is sometimes fed, physicked, and whipped 
by mistake for the other, and the description of these little domestic 
catastrophes is usually given to me by the mother, in a phraseology 
that is somewhat touching by reason of its seriousness, I have one 
ease in which a doubt remains whether the children were not changed 
in their bath, and the presumed A is not really B, and wice versa. In 
imother case an artist was engaged on the portraits of twins who were 
between three and four years of age; he had to lay aside his work for 
three weeks, and, on resuming it, could not tell to which child the 
respective likenesses he had in hand belonged. The mistakes are less 
numerous on the part of the mother during the boyhood and girlhood 
of the twins, but almost as frequent on the part of strangers. J have 
many instances of tutors being unable to distinguish their twin pupils. 
Thus, two girls used regularly to impose on their music-teacher when 
one of them wanted a whole holiday; they had their lessons at sepa- 
rate hours, and the one girl sacrificed herself to reccive two lessons on 
the same day, while the other one enjoyed herself. Ilere is a brief 
and comprehensive account: “Exaetly alike in all, their school-mas- 
ters never could tell them apart; at dancing-parties they constantly 
changed partners without discovery; their close resemblance is 
scarcely diminished by age.” The following is a typical school-boy 
anecdote: Two twins were fond of playing tricks, and complaints 
were frequently made; but the boys would never own which was the 
guilty one, and the complainants were never certain which of the two 
he was. One head-master used to say he would never flog the inno- 
cent for the guilty, and another used to flog both. 

No less than nine aneedotes have reached me of a twin seeing his or 
her reflection in a looking-glass, and addressing it, in the belief that it 
was the other twin in person. I have many anecdotes of mistakes 
when the twins were nearly grown up. Thus: “ Amusing scenes 
oceurred at college when one twin came to visit the other; the porter 
on one occasion refusing to let the visitor out of the college-gates, for, 
though they stood side by side, he professed ignorance as to which he 
ought to allow to depart.” 

Children are usually quick in distinguishing between their parent 
and his or her twin; but I have two eases to the contrary. Thus, the 
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daughter of a twin says: “Such was the marvelous similarity of their 
features, voices, manner, ete., that T remember, as a child, being very 
much puzzled, aud I think, had my awnat ved much with us, I should 
have ended by thinking I had two mothers.” The other, a father of 
twins, remarks: ‘ We were extremely alike, and are so at this mo- 
ment, so much so that our children up to five and six years old did 
not know us apart.” 

I have four or five instances of doubt during an engagement of 
marriage. Thus: “A married first, but both twins met the lady to- 
gether for the first time, and fell in love with her there and then. A 
managed to see her home and to gain her affection, though B went 
sometimes courting in his place, and neither the lady nor her parents 
eould tell which was which.” Ihave also a German letter, written in 
quaint terms, about twin brothers who married sisters, but could not 
easily be distinguished by them.* In the well-known novel by Mr. 
Wilkie Collins of “Poor Miss Finch,” the blind girl distinguishes the 
twin she loves by the touch of his hand, which gives her a thrill that 
the toueh of the other brother does not. Philosophers have not, I 
believe, as yet investigated the conditions of such thrills; but I have 
a case in which Miss Finch’s test would have failed. ‘Iwo persons, 
both friends of a certain twin lady, told me that she had frequently 
remarked to them that “kissing her twin sister was not like kissing 
her other sisters, but like kissing herself—her own hand, for example.” 

It would be an interesting experiment, for twins who were closely 
alike, to try how far dogs could distinguish between them by scent. 

Thave a few anecdotes of strange mistakes made between twins in 
adult life. Thus an officer writes: “On one occasion when I retarned 
from foreign service, my father turned to me and said, ‘I thought 
you were in London, thinking I was my brother—yet he had not 
seen me for nearly four years—our resemblance was so great.” 

The next and last anecdote I shall give is, perhaps, the most 
remarkable of those that I have; it was seut me by the brother of the 
twins, who were in middle life at the time of its oceurrence: “ A was 
again coming home from India, on leave; the ship did not arrive for 
some days after it was due; the twin brother B had come up from 
his quarters to receive A, and their old mother was very nervous. 
One morning A rushed in, saying, ‘O mother, how are you?’ Her 
answer was, ‘No, B, it’s a bad jokes; you know how anxious Iam!’ 
and it was a little time before A could persuade her that he was the 
real man.” 

Enough has been said to prove that an extremely close personal 

1 Ttake this opportunity of withdrawing an anecdote, happily of no great importance, 
published in “Men of Science,” p. 14, about a man personating his twin brother fora 
joke at supper, and not being discovered by his wife. It was told me on good authority ; 
but I have reason to doubt the fact, as the story is not known to the son of one of the 


twins, However, the twins in question were extraordinarily alike, and I have many anec- 
dotes about them sent me by the latter gentleman. 
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resemblance frequently exists between twins of the same sex; and 
that, although the resemblance usually diminishes as they grow into 
manhood and womanhood, some cases oecur in which the resemblance 
is lessened in a hardly perceptible degree, It must be borne in mind 
that the divergence of development, when it occurs, need not be as- 
cribed to the effect of different nurtures, but that it is quite possible 
that it may be due to the appearance of qualities inherited at birth, 
though dormant, like gout, in early life. To this I shall recur. 

There is a cnrious feature in the character of the resemblanee be- 
tween twins, which has been alluded to by a few correspondents; it 
is well illustrated by the following quotations. A mother of twins 
says: “There seemed to be a sort of interchangeable likeness in 
expression, that often gave to each the effect of being more like his 
brother than himself”? Again, two twin brothers, writing to me, 
after analyzing their points of resemblance, which are close and nu- 
merous, and pointing out certain shades of difference, add: “These 
seemed to have marked us through life, thongh for a while, when we 
were first separated, the one to go to business, and the other to col- 
lege, our respective characters were inverted; we both think that at 
that time we each ran into the character of the other. The proof of 
this consists in our own recollections, in our correspondence by letter, 
and in the views which we then took of matters in which we were 
interested.” In explanation of this apparent interchangeableness, we 
must recollect that no character is simple, and that in twins who 
strongly resemble each other, every expression in the one may be 
matched by a corresponding expression in the other, but it. does not 
follow that the same expression should be the dominant one in both 
cases. Now, it is by their dominant expressions that we should dis- 
tingnish between the twins; consequently, when one twin has tempo- 
rarily the expression which is the dominant one in his brother, he is 
apt to he mistaken for him, There are also cases where the develop- 
ment of the two twins is not strictly pari passe; they reach the same 
goal at the same time, but not by identical stages. Thus: Ais born 
the larger, then B overtakes and surpasses A, and is in his turn over- 
taken by A, the end being that the twins become closely alike. This 
process would aid in giving an interchangeable likeness at certain 
periods of their growth, and is undoubtedly due to nature more fre- 
quently than to nurture. 

Among my thirty-five detailed cases of close similarity, there are 
no Jess than seven in which both twins suffered from some special 
ailmént or had some exceptional peculiarity. One twin writes that she 
and her sister “have both the defect of not being able to come down- 
stairs quickly, which, however, was not born with them, but came on 
at the age of twenty.” Another pair of twins have a slight congenital 
flexure of one of the joints of the little finger; it was inherited from 
a grandmother, but neither parents, nor brothers, nor sisters, show the 
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least trace of it. In another ease, one was born ruptured, and the 
other became so at six months old. Two twins at the age of twenty- 
three were attacked by toothache, and the same tooth had to be ex- 
tracted in cach ease. There are cnrious and close correspondences 
mentioned in the falling off of the hair, Two cases are mentioned of 
death from the same disease; one of which is very affecting. The 
ontline of the story was, that the twins were closely alike and singu- 
larly attached, and had identieal tastes; they both obtained govern- 
ment clerkships, and kept house together, when oue sickened and diced 
of Bright’s disease, and the other also sickened of the same disease 
aud died seven months later. 

In no less than nine out of the thirty-five cases does it appear that 
both twins are apt to sicken at the same time. This implies so inti- 
mate 2 constitutional resemblance, that it is proper to give some quo- 
tations in evidence. Thus, the father of two twins says: “ Their 
general health is closely alike; whenever one of them has an illness, 
the other invariably has the same within a day or two, and they 
usnally recover in the same order, Such has been the ease with 
whooping-congh, chieken-pox, and measles; also with slight bilious 
attacks, which they have successively. Latterly, they have had a fe- 
verish attack at the same time.” Another parent of twins says: “Tf 
any thing ails one of them, identical symptoms nearly always appear 
in the other; this has been singularly visible in two instances during 
the last two months. Thus, when in London, one fell ill with a violent 
attack of dysentery, and within twenty-four hours the other had pre- 
cisely the same symptoms.” A medical man writes of twins with 
whom he is well acquainted: “ While I knew them, for a period of 
two years, there was not the slightest tendency toward a difference in 
body or mind; external influences seemed powerless to produce any 
dissimilarity.” The mother of two other twins, after describing how 
they were ill simnitaneonsly up to the age of fifteen, adds that they 
shed their first milk-teeth within a few hours of each other, 

Tronsseau has a very remarkable case (in the chapter on asthma) 
in his important work “ Clinique Médicale.” (In the edition of 1873, 
it is in vol. ii, p. 473.) It was quoted at length in the original French, 
in Mr. Darwin’s “ Variation under Domestication,” vol, ii., p. 252, The 
following is a translation; 

“Y attended twin brothers so extraordinarily alike, that it was im- 
possible for me to tell which was which without seeing them side by 
side, But their physical likeness extended still deeper, for they had, 
so to speak, a yet more remarkable pathological resemblance. Thus, 
one of them, whom I saw at the Néothermes at Paris, suffering from 
rheumatic ophthalmia, said to me, ‘At this instant my brother must 
be having an ophthalmia like mine;’? and, as I had exclaimed against 
such an assertion, he showed mea few days afterward a letter jnst 
received by him from his brother, who was at that time at Vienna, 
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and who expressed himself in these words: ‘Ihave my ophthalmia ; 
you must be having yours.’ TTowever singular this story may appear, 
the fact is none the less exact; it has not been told to me by others, 
but Ihave seen it myself; aud [have seen other analogous cases in 
my practice, These twins were also asthmatic, and asthmatic to a 
frightful degree. Though born in Marseilles, they were never able 
to stay in that town, where their basiness affairs required them to go, 
withont having an attack, Still more strange, it was sufficient for 
them to get away only as far as Toulon in order to be cured of the 
attack canght at Marseilles. They traveled continually, and in all 
countries, on business affirs, and they remarked that certain localities 
were extremely hurtful to them, and that in others they were free 
from all asthmatic symptoms.” 

I do not like to pass over here a most dramatic tale in the “ Psycho- 
logie Morbide” of Dr. J. Morean (de Tours), Médecin de PIfospice de 
Bieétre, Paris, 1859, p. 172. THe speaks “of two twin brothers who 
had been confined, ou acconnt of monomania, at Bicétre. . . . Physi- 
cally the two young men are so nearly alike that the one is easily 
mistaken for the other. Morally, their resemblance is no less com- 
plete, and is most remarkable in its details. Thus, their dominant 
ideas are absolutely the same. They both consider themselves subject 
to imaginary persecutions; the same enemies have sworn their de- 
struction, and employ the same means to effeet it. Both have halln- 
cinations of hearing. They are both of them melancholy and morose ; 
they never address a word to anybody, and will hardly answer the 
questions that others address to them. They always keep apart, and 
neyer commnnicate with one another. An extremely cnrious fret. 
which has been frequently noted by the superintendents of their sec- 
tion of the hospital, and by myself, is this: From time to time, at 
very irregular intervals of two, three, and many months, without ap- 
preciable canse, and by the purely spontaneous efect of their illness, 
avery marked change takes place in the condition of the two broth- 
ers. Both of them, at the same time, and often on the same day, 
ronse themselves from their habitual stupor and prostration; they 
make the same complaints, ard they come of their own accord to the 
physician, with an urgent request to be liberated. Ihave seen this 
strange thing occur, even when they were some miles apart, the one 
being at Bicétre and the other living at Saint-Anne.” 

Dr. Moreau ranked as a yery considerable medical authority, but I 
cannot wholly accept this strange story without fuller information. 
Dr. Moreau writes it in too off-hand a way to carry the conviction that 
he had investigated the circumstances with the skeptic spirit and sern- 
pilous exactness which so strange a phenomenon would have required. 
If full and precise notes of the case exist, they certainly ought to he 
published at length, I sent a copy of this passage to the principal 
authorities among the physicians to the insane in England, asking if 
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they had ever wituessed any similar case. In reply, I have reccived 
three noteworthy instances, but none to be compared in their exact: 
parallelism with that just given. The details of these three cases are 
painful, and it is not necessary to my general purpose that I should 
further allude to them. 

There is another curions French case of insanity in twins, whieh 
was pointed out to me by Prof. Paget, deseribed by Dr. Baume in the 
“ Annales Médico-Psychologiques,” 4me série, vol. i, 1863, p. 322, of 
which the following is an abstract. The original contains a few more 
details, but is too long to quote: Frangois and Martin, fifty years of 
age, worked as railroad-contractors between Quimper and Chateaulin, 
Martin had twice had shght attacks of insanity. On January 15th a 
box in which the twins deposited their savings was robbed, On the 
night of January 23d-24th both Francois (who lodged at Quimper) 
aud Martin (who lived with his wife and children at St.-Lorette, two 
leagues from Quimper) had the same dream at the same hour, 3 
A.M, and both awoke with a violent start, calling out, “I have caught 
the thief! I have caught the thief! they are doing mischief to my 
brother!” They were both of them extremely agitated, and gave 
way to similar extravagances, dancing and leaping. Martin sprang 
on his grandchild, declaring that he was the thief, and would have 
strangled him if he had not been prevented ; he then became steadily 
worse, complained of violent pains in his head, went out-of-doors on 
some excuse, and tried to drown himself in the river Steir, but was 
forcibly stopped by his son, who had watched and followed him. He 
was then taken to an asylum by gendarmes, where he died in three 
days. Frangois, on his part, calmed down on the morning of the 24th, 
and employed the day in inquiring about the robbery. By a strange 
chance, he crossed his brother’s path at the moment when the latter 
was struggling with the gendarmes; then he himself became mad- 
dened, giving way to extravagant gestures and making incoherent 
proposals (similar to those of his brother). He then asked to be bled, 
which was done, and afterward, declaring himself to be better, went 
out on the pretext of executing some commission, but really to drown 
himself in the river Steir, which he actnally did, at the very spot 
where Martin had attempted to do the same thing a few hours pre- 
viously ! 

The next point which I shall mention, in illustration of the ex- 
tremely close resemblance between certain twins, is the similarity in 
the association of their ideas. No less than eleven ont of the thirty- 
five cases testify to this. They make the same remarks on the same 
occasion, begin singing the same song at the same moment, and so on; 
or one would commence a sentence, and the other would finish it. An 
observant friend graphically described to me the effect produced on 
her by two such twins whom she had met casually. She said; 
“Their teeth grew alike, they spoke alike and together, and said the 
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same things, and seemed just like one person.” One of the most eu- 
rious anecdotes that I have reeetved concerning this similarity of 
ideas was that one twin A, who happened to be at a town in Seot- 
land, bought a set of champagne-glasses which caught his attention, 
as a surprise for his brother B; while, at the same time, B, being in 
England, bought a similar set of precisely the same pattern as a sur- 
prise for A. Other ancedptes of a like kind have reached me about 
these twins. 

The last point to which I shall allude regards the tastes and dis- 
positions of the thirty-five pairs of twins. In sixteen cases—that is, 
in nearly one-half of them—these were described as closely similar; 
in the remaining nineteen they were much alike, but subject to cer- 
tain named differences, These differences belonged almost wholly to 
such groups of qualities as these: The one was the more vigorous, 
fearless, energetic; the other was gentle, clinging, and timid; or, 
again, the one was more ardent, the other more calm and gentle; or 
again, the one was the more independent, original, and self-contained ; 
the other the more generous, hasty, and vivacious, In short, the 
difference was always that of intensity or energy in one or other of 
its protean forms: it did not extend more deeply into the structure 
of the characters. The more vivacious might be subdued by ill 
health, until he assumed the character of the other; or the latter 
might be raised by excellent health to that of the former. ‘The dif- 
ference is in the key-note, not in the melody. 

Tt follows, from what has been said concerning the similar dispo- 
sitions of the twins, the similarity inethe associations of their ideas, 
of their special ailments, and of their illness generally, that the re- 
semblances are not superficial, but extremely intimate. I have only 
two eases altogether of a strong bodily resemblance being aecompa- 
nied by mental diversity, and one ease only of the converse kind, It 
must be remembered that the conditions which govern extreme like- 
ness between twins are not the same as those between ordinary broth- 
ers and sisters (I may have hereafter to write further about this); and 
that it would be wholly incorreet to generalize, from what has just 
been said about the twins, that mental and bodily likeness are invari- 
ably cobrdinate, such being by no means the case, 

We are now in 4 position to understand that the phrase “close 
similarity ” is no exaggeration, and to realize the valne of the evi- 
dence about to be adduced, Here are thirty-five cases of twins who 
were “closely alike” in body and mind when they were yonng, and 
who have been reared exactly alike up to their early manhood and 
womanhood. Since then the conditions of their lives have changed: 
what change of conditions has preduced the most variation ? 

It was with no little interest that I searched the records of the 
thirty-five cases for an answer; and they gave an answer that was 
not altogether direct, but it was very distinct, and not at all what. L 

VOL, VIII.—23 


354 THE POPULAR SCIENCE MONTHLY. 


had expected. They showed me that in some cases the resemblance 
of body and mind had continued unaltered up to old age, notwith- 
standing very different conditions of life; and they showed in the 
other cases that the parents ascribed such dissimilarity as there was, 
wholly, or almost wholly, to some form of illness. In four cases it 
was scarlet fever; in one case, typhus; in one, a slight effect was as- 
eribed to a nervous fever: then I find effects from an Indian climate; 
from an illness (unnamed) of nine months’ dnration; from varicose 
yeins; from a bad fracture of the leg, which prevented all active ex- 
ercise afterward; and there were three other cases of ill health. It 
will be suflicient to quote one of the returns; in this the father 
writes: 

“At birth they were exactly alike, except that one was born with 
a bad varicose affection, the effect of which had been to prevent any 
violent exercise, such as dancing or running, and, as she has grown 
older, to make her more serious and thoughtful. Had it not been for 
this infirmity, I think the two wonld have been as exactly alike as it 
is possible for two women to be, both mentally and physically; even 
now they are constantly mistaken for one another.” 

In only a very few cases is there some allusion to the dissimilarity 
being partly due to the combined action of many small influences, and 
in no case is it largely, much less wholly, aseribed to that cause. In 
not a single instance bave I met with a word about the growing dis- 
similarity being due to the action of the firm free-will of one or both 
of the twins, which had trinmphed over natural tendencies; and yet 
a large proportion of my correspondents happen to be clergymen 
whose bent of mind is opposed, as I feel assured from the tone of 
their letters, to a necessitarian view of life. 

It has been remarked that a growing diversity between twins may 
be ascribed to the tardy development of naturally diverse qualities ; 
but we have a right, upon the evidence I have received, to go further 
than this. We have seen that a few twins retain their close resem- 
blance through life; in other words, instances do exist of thorough 
similarity of nature, and in these external cireumstances do not create 
dissimilarity. Therefore, in those cases, where there is a growing di- 
versity, and where no external cause cau be assigned, either by the 
twins themselves or by their family for it, we may feel sure that it 
must be chiefly or altogether due to a want of thorough similarity in 
their nature. Nay, further, in some cases it is distinctly affirmed that 
the growing dissimilarity can be accounted for in no other way. We 
may therefore broadly conclude that the only circumstance, within the 
range of those by which persons of similar conditions of life are 
affected, capable of producing a marked effect on the character of 
adults, is illness or some accident which causes physical infirmity. 
The twins who closcly resembled each other in childhood and early 
youth, and were reared under not very dissimilar conditions, either 
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grow unlike through the development of natural characteristics which 
had lam dormant at first, or else they continue their lives, keeping. 
time like two watches, hardly to be thrown out of aceord except by 
some physical jar. Nature is far stronger than nurture within the 
limited range that I have been careful to assign to the latter. 

The effect of illness, as shown by these replies, is great, and well 
deserves further consideration. It appears that the constitution of 
youth is not so elastic as we are apt to think, but that an attack, say 
of scarlet fever, leaves a permanent mark, easily to be measured by 
the present method of comparison, This recalls an impression made 
strongly on my mind several years ago by the sight of a few curves 
drawn by a mathematical friend. Te took monthly measurements of 
the circumference of his children’s heads during the first few years 
of their lives, and he laid down the successive measerements on the 
successive lines of a piece of ruled paper, by taking the edge of the 
paper as a base. He then joined the free ends of the lines, and so 
obtained a curve of growth. These curves had, on the whole, that 
regularity of sweep that might have been expected, but each of them 
showed occasional halts, like the landing-places on a long flight of 
stairs. The development had been arrested. by something, and was 
not made up for by after-growth. Now, on the same piece of paper 
my friend had also registered the various infantine illnesses of the 
children, and corresponding to each illness was one of these halts. 
There remained no doubt in my mind that, if these illnesses had been 
warded off, the development of the children would have been in- 
creased by almost the precise amount lost in these halts. In other 
words, the disease had drawn largely upon the capital, and not only 
on the income, of their constitutions. JI hope these remarks may in- 
duce some men of science to repeat similar experiments on their chil- 
dren of the future. They may compress two years of a child’s his- 
tory on one side of a ruled half-sheet of foolscap paper if they cause 
each successive line to stand for a successive month, beginning from 
the birth of the child; and if they mark off the measnrements by lay- 
ing, not the 0-inch division of the tape against the edge of the pages, 
but, say, the 10-inch division—in order to economize space. 

The steady and pitiless march of the hidden weaknesses in our 
constitutions, through illness to death, is painfully revealed by these 
histories of twins. We are too apt to look upon illness and death as 
capricious events, and there are some who ascribe them to the direct 
effect of supernatural interference, whereas the fact of the maladies 
of two twins being continually alike shows that illness and death are 
necessary incidents in a regular sequence of constitutional changes, 
beginning at birth, upon which external circumstances have, on the 
whole, very small effect. In cases where the maladies of the twins 
are continually alike, the clock of life moves regularly on, governed 
by internal mechanism. When the hand approaches the hour-mark, 
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there is a sudden click, followed by a whirring of wheels; the moment 
that it touches it, the stroke falls. Necessitarians may derive new 
arguments from the life-bistories of twins. 

We will now consider the converse side of our subject. Hitherto 
we have investigated cases where the similarity at first was close, but 
afterward became less; now we will examine those in which there 
was great dissimilarity at first, and will see how far an identity of 
nurture in childhood and youth tended to assimilate them. As has 
been already mentioned, there is a large proportion of cases of sharply- 
eontrasted characteristics, both of body and mind, among twins. I 
have twenty such cases, given with much detail. It is a fact that 
extreme dissimilarity, such as existed between Esan and Jacob, is a 
no less marked peculiarity in twins of the same sex, than extreme 
similarity. On this curious point, and on much else in the history 
of twins, I have many remarks to make, but this is not the place to 
make them. 

The evidence given by the twenty cases above mentioned is abso- 
Intely accordant, so that the character of the whole may be exactly 
conveyed by two or three quotations, One parent says: “They have 
had exactly the same nurture from their birth up to the present time; 
they are both perfectly healthy and strong, yet they are otherwise 
as dissimilar as two boys could be, physically, mentally, and in their 
emotional nature.” Tere is another case: “I ean answer most de- 
cidedly that the twins have been perfectly dissimilar in character, 
habits, and likeness, from the moment of their birth to the present 
time, thongh they were nursed by the same woman, went to schoo: 
together, and were never separated till the age of fifteen.” Here 
again is one more, in which the father remarks, “They were cnrious- 
ly different in body and mind from their birth.” The surviving twin 
(a senior wrangler of Cambridge) adds: “ A fact struck all our school 
contemporaries, that my brother and J were complementary, so to 
speak, in point of ability and disposition, He was contemplative, 
poetical, and literary to a remarkable degree, showing great power 
in that line. I was practical, mathematical, and lingnistic. Between 
us we should have made a very decent sort of a man.” I could quote 
others just as strong as these, while I have not a single ease in which 
my correspondents speak of originally dissimilar characters having 
become assimilated through identity of nurture. The impression 
that all this evidence leaves on the mind is one of some wonder 
whether nurture can do any thing at all beyond giving instrnetion 
and professional training. It emphatically corroborates and goes far 
beyond the conclusions to which we had already been driven by the 
cases of similarity. In these, the causes of divergence began to act 
about the period of adult life, when the characters had become some- 
what fixed; but here the causes conducive to assimilation began to 
act from the earliest moment of the existence of the twins, when the 
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disposition was most pliant, and they were continuous until the period 
of adult life. There is no escape from the conclusion that nature 
prevails enormously over nurture when ‘the differences of nurture do 
not exceed what is commonly to be found among persons of the same 
rank of society and in the same country, My only fear is, that my 
evidence seems to prove too much, and may be discredited on that 
account, as it seems contrary to all experience that nurture should 
go for so little. But experience is often fallacious in ascribing great 
effects to trifling circumstances. Many a person has amused himself 
with throwing bits of stick into a tiny brook and watching their 
progress ; how they are arrested, tirst by one chance obstacle, then by 
another; and again, how their onward course is facilitated by a com- 
bination of circumstances. He might ascribe much unportance to 
each of these events, and think how largely the destiny of the stick 
had been governed by a series of trifling accidents. Nevertheless 
all the sticks succeed in passing down the current, and they travel, 
in the long-run, at nearly the same rate. So it is with life in respect 
to the several accidents which seem to have had a great effect upon 
our careers, The one element, which varies in different individuals, 
but is constant in each of them, is the natural tendency; it corre- 
sponds to the enrrent in the stream, and inevitably asserts itself. 
More might be added on this matter, and much might be said in 
qualification of the broad conclusions at which we have arrived, as 
to the points in which education appears to create the most perma- 
nent effect: how far by training the intelleet, and how far by subject- 
ing the boy to a higher or lower tone of public opinion; but this is 
foreign to my immediate object. The latter has been to show broad- 
ly, aud, I trust, convincingly, that statistical estimation of natural 
gifts by a comparison of suceesses in Hfe is not open to the objection 
stated at the beginning of this memoir, We have only to take 
reasonable care in selecting our statistics, and then we may safely 
ignore the many small differences in nurture which are sure to have 
characterized each individual ease—Prazer’s Magazine. 


THE FORMATION OF SAND-DUNES. 
By E. LEWIS, Jr. 


N the south shore of Long Island there intervenes between the 
uplands and the ocean a narrow beach on which the waves con- 
tinually break. It is composed chiefly of clean, grayish-white, sili- 
cious sand, Other matters present are mica, garnet, and magnetic- 
iron sands, but, excepting a few localities, these are not in quantity 
sufficient to alter the general character of the beach. The sand-grains 
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are small; some of them exceedingly minute. We found, in spe- 
cimens of drifted sand, 1,920 particles in the weight of a troy grain. 
This will give, for a pound avoirdapois, more than 13,000,000, and 
abont 1,450,000,090 in a eubie foot of sand. The comparison of a 
“great multitude” to the “sands of the sea-shore” is wonderfully 
vivid and impressive. Examined by the aid of a microscope, these 
delicate grains are seen to have lost the sharp, angular features of 
broken quartz, and closely resemble pebbles, irregular in form, but 
smooth and rounded, They are wave-worn bowlders on a small scale. 

This beach, which is seldom more than one-third of a mile broad, 
constitutes the coast-line from Coney Island at the entrance to New 
York Harbor, to the Nepeague Ilills, a distance of about one hundred 
miles, but broken by oceasional inlets through which the tides ebb 
and flow. Throughout this distance, scarcely a pebble of any consid- 
erable size occurs, Mather, in the “ Geological Survey of the State 
of New York,” commenting on this magnificent beach-line, says, “ In 
Europe, there is no deposit of a similar character to compare with it 
in extent.” 

Eastward from the Nepeague hills, which are of sand, along the 
ocean-side of Montauk Point, high blufts of bowlder-drift reach the 
shore, strewing it with their falling ébris. Ilere may be seen on a 
grand scale the process by which rocks are transformed into the fine 
sand of which the beach is composed. The waves throw their whole 
force upon the shore, earrying forward with tremendous roar tons of 
bowlders and pebbles which roll back as the waves recede. This pro- 
cess is repeated with every wave. The stones thus rolled and tossed 
lose something of their volume, and scareely one can be found that 
does not show signs of disintegration and decay. All of them are 
penetrated by moisture, some are fractured by frost, and others, weak- 
ened by chemical changes, are dashed in pieces, The sand-beach rep- 
resents the silicious matters of these comminuted rocks. Its position 
along the coast is determined by the set of the waters, but its contour 
of sand-hills is determined by winds. These, in their endless play, 
have carved it into every form possible to drifting sands, Mather 
observed that “ where the beach is above the reach of the surf, it is 
eovered by a labyrinth of hilloeks of drifting sand, imitating almost 
all the varieties of form which snow-drifts present after a storm.” 
These are sand-dunes, or dunes, as they are termed by Lyell, and their 
surprising mobility, in the ever-changing direction and force of the 
winds, is a subject of scientific and popular interest. 

Everywhere on the beach, in a dry, windy day, the sand-grains on 
the surface are in motion. They are not carried through the air like 
dust, except to a limited extent, when the winds are violent, but roll 
or bound along the surface. Their motion, therefore, represents to 
the eye, although less perfectly than snow or dust, the motions of the 
invisible air, 
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The dunes are built up by slow accretions, and at the top the sand- 
grains are smaller than at the bottom. The process by which they 
are formed is a continnal rolling of sand-grains up-hill by wind-force, 
and it is obvious that the lightest ones will attain the greatest eleva- 
tion. These, too, are the ones that, on reaching the top of the hil- 
lock, roll-over on the protected side of the dune, and there form a 
mass of fine sand. But the winds are not uniform in force, and a con- 
sequence is, the dunes are laminated in their structure, coarse and 
fine layers alternating. The winds change in direction too, changing 
the position of the sands, and thus the dunes are not only laminated, 
but irregularly bedded in their strueture, closely resembling in this 
respect that of beaches formed by the plunge and fiow of waves, 
Both structures simply represent wave-motions, one of the water, the 
other of the air. Fig. 1 represents a section of a large sand-dune, 
and Fig. 2a similar but coarser formation hardened into sandstone. 


Fig. 1.—SEcTION oF A Sanp-IliuL, THE STRUCTURE OF WHICH MAY HAVE BEEN PRODUCED BY 
THE AcTION OF WavES oR WIND. 


Fig. 2.—SECTION OF STRATA OF SANDSTONE. 


The exterior form of a dune undergoes continnal change in dry 
weather from gravity. The grains of sand roll down its sides until 
the fine traees of wind-sculpture are obliterated, and a somewhat 
uniform outline is obtained. It is found that in ease of dry sand the 
angle the side of the dune will finally assume is about 32°. But the 
winds rarely permit regularity in the form of dunes. <A slight breeze 
becomes a strong one when it rises to the top of an obstacle, or is 
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turned around it, and every dune, however small, becomes a means of 
so distributing the air-waves that their force and eroding power are 
increased, From these and similar causes, the contour of the mobile 
sand-hills is scarcely more permanent than that of the waves in whose 
spray they lie, But it is the dry sand only that is put in motion by 
the winds; only a few inches below the surface it is uniformly moist, 
and on that account somewhat adhesive. This moisture above where 
the sand is saturated is capillary water, that is, water held by the 
attraction of the sand-grains, and is about thirty per cent. of the mass 
by weight. It rises through the sand to the surface as evaporation 
goes on, and thus in this climate of rainfall the dunes are rendered 
more permanent than on rainless deserts. 

The formation of a sand-dune seems a simple process, and it is 
surprising how small an object may be the nucleus of one, and indi- 
rectly of a series of them. A bush, or tuft of grass, or only a twig, 
as we have seen, raised above a level surface, breaks the force of the 
wind, and immediately the sand-grains, which are rolling along the 
surface, are arrested, and form a minute hillock on the windward side 
of the obstaele. This increases in size—the sand-grains, as before ob- 
served, are driven up its slope, and fall on the sheltered side. The 
monnd thus formed produces currents and eddies in the moving air, 
and the form and position of other hillocks are determined by the 
new conditions, By the means indicated, dunes are formed on our 
narrow beaches thirty feet high; but there are dunes on our coast 
much higher than that, as will presently be noticed. Their size de- 
pends mainly on the abundance and condition of the material, and ex- 
posure to winds, On the coast of France they attain a height of 225 
feet, and on the Atlantic border of the Sahara Desert are more than 
twice that elevation. But the desert sands are exceedingly fine and 
dust-like from attrition, and move in greater volume than is possible 
for the coarser sands of our coasts. They are whirled and tossed in 
the gale like dense smoke, but nowhere do they roll on as do waves 
of the ocean, as is sometimes stated. The transition of a sand-dune 
is by transfer and deposition of the individual particles of which it is 
composed. 

A wonderfully vivid description of a sand-storm is given by Mr. 
Southworth, in his “ Four Thousand Miles of African Travel:” “I 
was sitting at my table in the midst of the glorious sunshine of Af 
rica. Slowly the southern horizon began to grow obscure. A huge 
mountain of sand, growing grander and grander, advanced rapidly. 
..+ The doom-palms and date-trees, frosted with clouds of white 
birds, the spires and minarets slowly losing their outlines in the dense 
obscurity. . . . It came nearer and nearer. Its front was absolutely 
perpendicular. To breathe was difficult and oppressive, and it was 
darker than the darkest night I ever knew. Sand covered the ground 
to the thickness of an inch.” 
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It is easy to see that this more accurately desertbes a dust-storm 
than it does the movement of sand on our beaches. It is the fine 
material only which is thus swept through the air, The coarser sands 
are driven along the surface, aud constitute the hills of the desert, 
and they are built up as similar ones are of the still coarser sands of 
our coast. Grain by grain they rise at the touch of the invisible 
architect. This is trme not only of the great dunes, but of the smaller 
ones, or ripple-marks, which cover the surface of the sands. These 
beautifully eut and wavy furrows represent the undulatory movement 
of the air, With a full breeze, they are all seen to be in motion. The 
grains hop and bound along as the air passes, and the form shown in 
Fig. 3 is the one which the sands continually assume. But, even while 


Fie. 3. 


we watch, each little ridge or mound has been transferred to the space 
which was a furrow only a few moments before. 

These sand-ripples rise on the sandy floor, however level and 
smooth they may be, as the wind in passing strikes it, in a series of 
wave-like undulations. 

Ripple-marks thus formed are, sometimes, as we have witnessed, 
covered by drifting sand, and are retained with wonderful distinct- 
ness, when the material is hardened into sandstone, All the vast 
beds of this material existing in the crust of the globe are but the 
compacted ruins of rock still older, and their furrowed tablets re- 
peat to our eyes the rhythmic beat of winds and waters in ages long 
past. Fig. 4 represents a slab of sandstone covered with ripple-marks, 
evidently produced by water, but which differs in form only from 
those produced by wind. 

Sand-dunes are not only blown away piecemeal, but the winds 
pour upon their flanks a ceaseless shower of sand, and, as the frail 
masonry gives way, the falling grains are caught and carried on by 
the gale. By this natural sand-blast rocks are sculptured on the 
highlands of the Roeky Mountains, and the glass of windows on ex- 
posed beaches is sometimes cut through. 

On the north side of Long Island, upon the banks along the Sound, 
are a great number of sand-hills from twenty to eighty feet high. The 
banks are of glacial drift, with bowlders of immense size, and eastward 
of Port Jefferson Harbor, for upward of forty miles, are crowned in 
many places by these broken, desolate hills. In some places they ad- 
vance slowly inland. A farm, near the village of Baiting Hollow, in 
Suffolk County, has lost from this cause thirty aeres in half a century. 
Other farms have lost valuable land in a similar way, and we are in- 
formed that, during the time mentioned, 100 acres of arable and tim- 
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ber land have been innndated, and are now deeply covered with 
drifting sand in this immediate neighborhood, -At this point is the 
great dime known on the Coast Survey charts as Friar’s Head. Its 
top is 150 feet above tide, but it stands on the bank which is half 
that height, so that 75 feet of that elevation is drifting sand. It 
was originally formed many yards inland, as others are continually 
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forming, but, by the ceaseless wearing away of the bluffs, it is now 
upon their brink. It is evidently of considerable age, as its wind- 
ward slope is covered by a thick growth of beach-grass, bayberry and 
other bushes, with stunted trees of beach and cedar quite at its top. 

From this point the weird architecture of the sand-hills is singu- 
larly impressive. There is formed, to the southeast of Friar’s Head, 
a great semicirele of sand, between which and the dune is a floor of 
several acres in extent swept by the winds, This floor, the original 
surfaee of the drift now laid bare, is rich in the remains of an old In- 
dian settlement. Tnndreds of specimens—ineluding arrow-heads of 
flint, jasper, and quartz, axes of various sizes, and other articles of 
utility—have been picked up. 

The sand blown from this spot and from the flanks of the dune 
constitutes the semicircular wall spoken of. It is one-cighth of a mile 
inland, and lies directly against a forest of oak and pine, burying 
many of the trees to a height of thirty to forty feet, only their dead 
and barkless tops being visible. On the surface of these sands beach- 
grass of several kinds, and young pine-trees (Pinus rigida) maintain 
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a doubtful struggle for life. This dune does not inaterially differ 
from a very large number which cover the banks on the north shore 
of Long Island. Their source is the dédris of the banks reduced to 
sand by the action of the waves. The lighter portions of this sand 
are carried up the slope during fieree winds, and the process is now in 
operation during every gale. The present forests may delay, but can- 
not arrest, the final inundation of the land where the sand-hills crown 
the coast. In Europe the maritime pine and other species of plants 
whose habitat is the silicious sand have not only arrested the move- 
ment of it, but have covered immense areas of waste land with valu- 
able forest. Our native pitch-pine, the Pines rigida above mentioned, 
also flourishes on the most sandy soils. There is proof that it formerly 
grew on portions of the south beach of Long Island, where its foliage 
was moistened by the spray of the ocean, nor does the occasional 
overtlow of the tides soon destroy it. If these trees are planted 
abundantly over the surface of these broken hills of sand, their move- 
ment would be delayed if not permanently arrested. The sands he 
motionless where the force of the wind is broken. 


SKETCH OF SIR CHARLES WHEATSTONE. 


TIARLES WHEATSTONE was born in the city of Gloucester, 
England, in 1802. In boyhood he attended a private school in his 
native town, but, while still a lad, he quit school and devoted himself 
to mechanical pursuits, adopting the trade of a maker of musical in- 
struinents. At about the age of twenty-one years he went to London, 
and there set up in business on his own account. Ilere the young 
tradesman evinced a strong liking for scientifie research, endeavoring 
to find out the principles involved in the various forms of musical 
instruments. He was thus led to the study of acoustics, a branch of 
science which he enltivated with rare suceess. His singular mechan- 
ical ingenuity enabled him to repeat and extend the experimental 
results of prior investigators, and the first fruits of his scientific re- 
searches were communieated, in 1823, to the Anzals of Philosophy, 
in a paper entitled “ New Experiments on Sound.” Other essays on 
the phenomena of sound were published by him from time to time; 
thus, in 1827, he contributed to the Quarterly Journal of Science two 
papers, the one “ Experiments on Audition,” the other a “ Description 
of the Kaleidophone.” In 1828 he published in the same journal a 
paper entitled “ Resonances of Columns of Air;” in 1831, “ Transmis- 
sion of Sounds through Solid Linear Conductors” (Journal of’ the 
Royal Institution) ; and the same year read at the meeting of the Brit- 
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ish Association papers on “ Purkinje’s Figures,” and on “ Bernouilli’s 
Wind Instrument.” These were followed by papers on “ Chladni’s 
Figures” (1833, “ Philosophical Transactions”’), and “Imitation of 
Human Speech by Mechanism” (“British Association Report,” 
1835). 

The numerons analogies between the phenomena of sound and those 
of light early led him to the study of the latter subject. Here, again, 
his remarkable ingenuity as a mechanician came into play. He under- 
took to measnre the velocity of electrieity, and for this purpose he 
invented the method of revolving mirrors; in this way it was shown 
that the electric current travels at the rate of 288,000 miles per second. 
These results were published in the “ Philosophical Transactions ” in 
1834, While engaged in these researches he observed that the sparks 
emitted from different metals under the influence of electrieity differed 
from one another in color, “thus shadowing forth,” says M. Dumas, 
“the discovery of the speetroscope.” In the “ British Association Re- 
port” for 1835 is a paper by Wheatstoue on “ Prismatic Decomposition 
of Electric Light,” and in the Philosophical Magazine (1837) one on 
the “ Thermo-electric Spark.” He had been appointed Professor of 
Experimental Philosophy in King’s College, London, in 1834, and in 
June, 1836, in his lectures on the velocity of electricity, which were 
illustrated by experiments with a eircuit of copper wire nearly four miles 
in length, he proposed to convert this apparatus into an electric tele- 
graph, At this time Wheatstone was not aware that Prof. Joseph 
Henry had five years previously transmitted signals by means of an 
electro-magnet through a wire more than a mile long, causing a bell 
to sonnd at the farther end of the wire. In May, 1837, Charles 
Wheatstone and William Fothergill Cooke (afterward knighted) took 
out a patent “for improvements in giving signals and sounding alarms 
in distant places by means of electrie currents transmitted through 
metallic circuits.” The first public line of telegraph was construeted 
on the Blackwall Railway in the followmg year. 

While investigating the laws of light, Wheatstone was very natu- 
rally led to consider the phenomena of vision, and in 1838 he published 
in the “ Philosophical Transactions ” two papers entitled “ Physiology 
of Vision ” and “ Binocular Vision.” In the latter he explained the 
principles of an instrument invented by himself, the stereoscope. 
This invention was by no means the result of chance, but the fruit of 
profound study of the physiology of vision. In this matter Wheat- 
stone’s merit is unquestioned. Other papers on the phenomena of 
vision are, “ Juxtaposition of Several Colors ” (1844); a second com- 
munication on “Physiology of Vision” (1852); “ Binocular Micro- 
scope” (1853); “ Fessil’s Gyroscope ” (1854). 

In the “Proceedings of the Royal Society ” (1840) is an article by 
Wheatstone, on an “ Electro-magnetic Clock,” in which he shows howa 
number of clocks, sitnated at a distanee from one another, may be act- 
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uated by one central clock. In Comptes Rendus (1845), he explaied 
the principle of an electro-magnetic chronoscope, Subjects connected 
‘with telegraphy and electricity are treated in papers entitled “ Elec- 
tro-magnetic Telegraph” (1840); ‘Constants of Voltaic Cireuit ” 
(1843) ; “Meteorological Registers ” (1844); “Submarine Cable of 
the Mediterrancan ” (1854-755); “ Aluminium in Voltaic Series” 
(185455) ; “ Automatic Telegraphy ” (1859). To complete the list 
of his papers, we name a “ Letter to Colonel Sabine on Meteorologi- 
cal Instruments ” (1842); “ Determination of Solar Time by Polari- 
zation ” (1848); “ Foueault’s Rotation of the Earth ” (1851); “ Pow- 
ers for Arithmetical Progression ” (1854-55) ; “ Report on Captive 
Balloons ” (1863). 

Wheatstone was chosen Fellow of the Royal Society of London 
in 1836. He was a juror in the elass for heat, light, and electricity in 
the Paris Exposition Universelle, 1855, and was then appointed a 
knight of the Legion of Honor. In 1868 he received the honor of 
knighthood from Queen Victoria, and the same year was awarded the 
Copley medal by the Royal Society for his researches in acoustics, 
optics, electricity, and magnetism. He was made LL. D. by Edin- 
burgh University in 1869. In 1873 he was elected a corresponding 
member of the Paris Académie des Sciences, in the place of Baron 
Liebig, deceased. Te was also a member of the chief scientific asso- 
ciations and academies of Europe. ; 

Prof. Wheatstone was married in 1845. His death took place at 
Paris, on the 19th of October, 1875. He left a numerous family. 

In a brief memoir published in the Academy, Mr. C. Tomlin- 
son, who was an intimate friend of Wheatstone, states that the latter 
never obtained eminence either as a writer or asa lecturer: before a 
large audience he was nervous and hesitating, but m familiar conver- 
sation his ideas “ would flow so pleasantly and so Inecidly, that one 
could not help reflecting that, if all this had been put into a lecture, 
Wheatstone might have become a successful rival even of Faraday.” 
On such oceasions he spoke unreservedly of the scientific work in 
which he happened to be engaged, and in this way other men often 
pilfered his ideas, and took the credit to themselves. On one occa- 
sion at least, Wheatstone recognized his error, for he paid ten guineas 
for a piece of apparatus for the purpose of stopping the inventor’s 
mouth, said “inventor” having derived the idea of it from Wheat- 
stone himself. 
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CORRESPONDENCE. 


INFIRMITIES OF SPEECII, 

Lo the Editor of the Populur Science Monthly: 
ry HE article in the August number of the 
Monvuy upon “Intirmities of Speech ” 
was a stimulant to much curious reflection. 
A true student of character will see, among 
the men and wonen he nicets in the parlor, 
idiosyncrasies of speech and manner that 
are common to quite a large class of people. 
Dr. Trousseau's patient was but one of many. 
The wife of a physician of this city, former- 
ly an inspector of the Board of Iealth, ere- 
ated much merriment among acquaintances 
by the singularity of her answers to the 
simplest questions. Nearly every expres- 
sion was a comparative one. To a stran- 
ger her conversation appeared of the qual- 
ity of humorous extravagance. Upon one 
occasion she was asked the condition of a 
friend who had been a long time sick. 
“Oh, she’s about like the lid of a stove,” 
was the reply. This excited laughter, but 
was unsatisfactory. ‘ Was she feverish?” 
“No.” ‘Was she in a chill?” “No, she 
was just like the lid of a stove, don’t you 
understand?” Her husband explained the 
expression by saying that the sick friend 
was excecdingly nervous, and that his wife, 
in making the comparison, alluded to the 
dancing of a tea-kettle on a hot stove. From 
early girlhood she had employed this ex- 
pression, to the exclusion of the correct one. 
In their reminiscences, Charles and Mary 
Cowden Clarke mention a similarity in the 
speech of George Dyer. With a question, 
answer, or other observation, he would be- 
gin intelligently ; after a few words, fill in 
the space of several others with a series of 
abd's, as if choking, and, in concluding, 
would invariably use ‘‘ Well, sir, but, how- 
ever.’ A gentleman of rich culture and 
high professional eminence has used ‘and 
consequently” since he was a boy, when- 
ever he exhausted breath in his rapid 
speech, was unable to grasp the correct 
word, or was interrupted. He was, and 
still is, unconscious of this peculiarity. He 
will so designate a man, a woman, a piece 


of furniture, or any object whose proper 
name is for the time hidden, This habit, 
as the untutored wonld denominate it, is so 
apparent that a stranger would detect it in 
five minutes, 

The ability to always use the best words 
to give force to an idea is possessed by so 
few, that the promiscuous gathering of 
words, if not too idiotic, is charitably 
passed over without remark, 

A young lady, whose company is much 
solicited for the graces of her mind, under- 
goes a most piteous embarrassment from 
the effects of this infirmity, In the early 
part of the evening her choice of words will 
be faultless ; and she will render a eriticism 
or narrative with an enviable flow. But, 
later, she becomes nervous, hesitates, stud- 
ies her words, trips, and then stumbles on 
to the climax with nouns, adjectives, ad- 
yerbs, and verbs that darken, instead of 
ilumine, the “ point.” It is but a few 
evenings ago that, in speaking of the influ- 
ence of Hans Christian Andersen's tales, 
she said: ‘* Now, how few writers are capa- 
ble of so effectively consolidating the con- 
tradictory impulses that arise in a child's 
mind! No, I mean so effectively con— 
con—well, mix up will oil.” And, when 
conciliate was mentioned, she said that was 
the word she desired. If she ventured 
upon a further observation the infirmity 
increased, so far as to leave her sentence a 
hopeless wreck. 

Many will say this is a habit, and only 
becomes an infirmity by being allowed too 
free scope. Still, the best-educated people 
are subject to it, 

To carelessness is attributed another 
peculiarity, not of speech, but of action, 
The physician before alluded to was unable 
to page his manuscript of stenographic re- 
ports of lectures before the College of Phy- 
sicians and Surgeons. The figure 8 was 
always uppermost in his mind, and all but 
the first page would bave that numeral in 
the upper left-hand corner, When arrang- 
ing the pages for cyelets or tape, he was 
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obliged to read over each one; and he was 
not assured of the sequence until the mass 
bad been cxamined by another. 

Some writers fasten their best thoughts 
when penning with the greatest haste. 
Their manuscript, like that of many eareful 
authors, contains either neglected or erased 
words—terminations that appear perfectly 
inexcusable. Think of a scholar tracing 
with a rush fired, and then adding ton, or 
satisfying himself with hermeticly ; and yet, 
in overluoking thousands of pages of copy 
prepared by authors who would have a de- 
lirium if the slightest typographical error 
appeared in the ‘“ revise,” I have stricken 
out countless terminations and intermediate 
syllables and letters—not specimens of bad 
spelling, so called—that looked like gram- 
matical refugees, so far were they from their 
proper place. 

Again, in writing, the pen does appar- 
ently just what the organs of speceh do 
when certain words are to be produced. 
In the most delightful stage of composition, 
when the brain and the pen jog on com- 
fortably together, it will often be found, on 
looking back a few lines, that a stranger 
has turned up who the author is positive 
has no right in such company. There it is, 
winking at a clever trick that the subject 
cannot explain. 
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Ifere the writcr possesses the memory 
of words and the memory of how to use 
words. But, while the mind is being 
tickled with the successful unfolding of a 
pet theory, or the attractive draping of au 
important idea, the pen surreptitiously lets 
in an unblushing beggar. 

In writing, the brain will order the pen 
to inseribe a certain word, and, with volu- 
minous authors, that nimble servant will 
frequently transfix an unsuspected one be- 
fore the outrage is detected. . 

Now, as in the case above, the author 
possesses the knowledge of the exact word 
that is desired; hut an incorreet one ap- 
pears. Neither the memory is lost, nor the 
ability of utilizing it. Think of the results, 
when the proof-reader strides through the 
idea, and buries a still more uncongenial 
word in the prettiest passage. 

Recognized carelessness causes omission 
of words, curtailment of words, and often- 
times incorrect spelling. It is only the 
carelessness that is not recognized that 
takes a faney to giving a word more letters 
than it craves, changing favorite words at 
birth, and placing before the eye a stone 
when bread is wanted. 


G. J. Hagar, 


New Yoru, August, 1875. 
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THE CASE OF GUIBORD. 
LL over the world, in all times of 
which we know any thing, and 
among tribes of men of every grade, the 
most intense and powerful feelings of 
human nature have gathered around the 
dead, the graves where they are buried, 
and the rites of sepulture. Besides the 
ties of affection that are sundered by 
death, and which are often so deep and 
strong that their rupture leaves life a 
desolation, the imagination is also 
brought into exalted activity, and reli- 
gious hopes, fears, and anxieties, and 
the terrors of superstition regarding a 
future life, combine to heighten the sol- 
emn interest of the occasion. 


are ruled through their feelings, and as 
the more powerful the feelings the more 
complete is their subjection to those 
who can skillfully work upon them, it 
is not to be supposed that these potent 
emotions concerning the dead wonld 
remain unutilized by parties ambitious 
of influence over the consciences and 
conduct of men. It is an important 
part of the polity of the Roman Cath- 
olic Chureh to use the powerful senti- 
ments that are associated with death, 
the dead body, and the grave in which 
it rests, for the promotion of the objects 
of ecclesiastical ambition. That corpo- 
ration assumes the prerogative of con- 
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used for the burial of the dead, as a part 
of its larger claim to control the destiny 
of people in the future world. And, 
for many centuries, this has been one of 
the most potent means of its influence. 
The case of Joseph Guibord, of Mont- 
real, Which has now perhaps reached 
its close, affords an instructive illus- 
tration both of the character of this 
old churchly assumption, of the tenacity 
with which it is still held, and of the 
vigor with which it is maintained wher- 
ever there is power to enforceit. The 
circumstances have been widely pub- 
lished, but it is desirable here briefly to 
recall the leading facts: 

A literary society in Montreal, known 
asthe ‘‘ Canadian Institute,” some years 
ago introduced into its library a num- 
ber of works that came under the ban 
of the Roman Catholic Church. The 
Bishop of Montreal disapproved them 
and commanded their exclusion, which 
being refused by the Institute, the bish- 
op appealed to Rome, and a papal de- 
cree was fulminated. The society re- 
maining contumacious, the bishop pro- 
nounced a ban upon its members ex- 
communicating them and forbidding 
them the last offices of the Church in 
“the article of death.” The conse- 
quences of this decree first fell upon 
Guibord, who died in 1869. Tis estate 
owned a burial-lot in the Catholic cem- 
etery of Notre-Dame, and the widow 
applied for ecclesiastical burial for her 
husband. This was refused: he could 
not be buried in his own lot, and the 
only place permitted for the remains 
was the unconsecrated part of the ceme- 
tery devoted to excommunicants, male- 
factors, suicides, and unbaptized infants. 
The case was then taken to civil trial 
and a long lawsuit followed; the Cana- 
dian Superior Court, the tribunal of last 
resort, deciding ultimately against the 
priest and trustees of the cemetery. 
This decision not being respected by the 
Catholic authorities, an appeal was ta- 
ken to the Privy Council, and a royal 
decree issued commanding the priest 
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and trustees of the cemetery to inter the 
mortal remains of Guibord in conse- 
crated ground. The priest replied that 
he was forbidden to do this by the 
bishop, and could not comply. An or- 
der was then served on him under the 
decree of the Privy Council, and the 
funeral appointed for the 2d of Sep- 
tember. The priest, however, refused 
to be present. The members of the 
“‘ Canadian Institute ” and their friends, 
numbering about three hundred, ac- 
companied Guibord’s remains, from the 
vault of the Protestant cemetery where 
they had been placed, to the Catholic 
cemetery, where they were met by amob 
ot some five hundred French Canadians 
who closed and barred the gates, and 
refused entrance to the hearse, which 
was attacked with stones by the mob 
that had rapidly increased to about two 
thousand. They drove back the pro- 
cession with derisive shouts, filled up 
the grave, and tore down the cross at 
its head, 

The burial was thus defeated, and 
riotous demonstrations were continued 
for two or three days. Preparations 
were then made by the civil authorities 
for enforcing the burial, the military 
were called out to maintain order, and 
on the 16th of November, after six 
years of contention and delay, the body 
of Guibord was placed in his lot, the 
coffin being bedded in cement as a 
protection against the violation of the 
grave. 

We do not refer to these facts mere- 
ly as furnishing a new example of the 
inevitable collision that arises between 
the civil authority and the Roman Cath- 
olic Church wherever that organization 
feels able to assert its power—of which 
so much has recently been said, But 
the case impressively illustrates a single 
and most interesting phase of this an- 
cient conflict. In the attempt to get 
the bones of an old man, long since 
dead, into their final and chosen rest- 
ing-place, a city is convulsed with riot, 
a whole province thrown into excite- 
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ment, a rancorous religious quarrel 
aroused, expensive legal proceedings 
entailed, and battalions of soldiers with 
muskets and cannon, have at last to be 
invoked to carry out the mandate of a 
judicial tribunal. All this has resulted 
from the action of an ecclesiastical body 
which for centuries has pursued this 
policy of using the graveyard and its as- 
sociated superstitions as a means of spir- 
itual domination and temporal profit. 
Guibord was in favor of having certain 
books in alibrary toread. His Chureh 
declared that he should not have them 
there. Ile adhered to his opinion, and 
the Church then declared that he should 
not have Christian burial. The appeal to 
his superstitions was not strong enough 
to move him, but it thrilled the com- 
munity with a painful agitation, and for 
many centuries such appeals and threats 
have been powerful enough to intimi- 
date and keep in subjection countless 
millions of people. For more than a 
thousand years the Catholic Church has 
maintained its claim, against the civil 
authority, to the ownership and custody 
of the dead, and by attaching the place 
of interment to the church, by prohib- 
iting heretics from Christian burial and 
making it ignominious to repose in any 
but consecrated earth, and by digging 
up the bones of those who are alleged 
to have entertained false opinions, 
burning them and scattering the ashes 
to the winds or casting them into the 
floods, the Romish ecclesiastics have 
not only made the church-yard a copi- 
ous source of pecuniary emolument, but 
“a vital portion of the material ma- 
chinery for enforcing spiritual obedi- 
ence and theological conformity.” 

The history of the antagonism be- 
tween the ecclesiastical and civil au- 
thorities, regarding the ownership and 
control of the dead, is of great interest; 
and avery able sketch of this subject by 
an eminent legal writer will be found 
in the present number of Tnz Monruty. 
It is part of a report on the “Law of 
Burial” made to the Supreme Court of 
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the State of New York, by Ton. Sam- 
uel B. Ruggles. When Beekman Street 
was widened several years ago, a slice 
of land was taken from the “ Brick 
Church” property to be converted to 
public use, and the ground thus appro- 
priated embraced certain vaults long 
ago constructed for the reception of 
the dead. The question arose in regard 
to the legal control and redisposition 
of the bodies contained in these vaults, 
and Mr. Ruggles was appointed as a 
referee to take evidence and make a 
report upon the subject. In this mas- 
terly document, he touched upon the 
historical aspects of the legal question, 
showing that the old view, held by the 
Roman and Saxon law, was that the 
civil authority had jurisdiction in the 
case, and that under the common law 
the bodies of deceased persons are sub- 
ject to the control of those next of kin, 
The Church, early in the days of its 
power, subverted this principle, and 
under the title of ‘ ecclesiastical cog- 
nizance”’ established its exclusive au- 
thority over the burial of the dead, and 
even carried its assuinptions so far as 
to decree, not only who should be al- 
lowed to lie in consecrated earth, but 
who should be allowed to be interred 
at all! The part of Mr. Ruggles’s re- 
port which we reprint will be found 
of general interest to readers, and in a 
high degree instructive in connection 
with the Guibord case. 


SCIENCE IN GERMANY AND ENGLAND. 


Tne influence of national character- 
istics upon the pursuit of science is an 
interesting subject of observation and 
reflection. For while there is a broad 
general agreement among scientific stu- 
dents of all nationalities as to what 
science is, and the mental methods or 
processes involved in its extension, there 
is a marked diversity among the peo- 
ple of different conntries in the organ- 
ized arrangements for its promotion, 
the feelings that impel its pursuit, and 
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the relations of scientific bodies to what | 
niay be called the outlying and adjoin- 
ing departments of thought, cnlture, 
and mental activity. The contrast, for 
example, between the Germans and the 
English in the policy and management 
of their great popular scientific associ- 
ations ix, in various respects, striking 
and instruetive, and an intelligent cor- 
respondent of Nature has lately drawn 
attention to some of their peculiarities, 
which are so suggestive as to deserve a 
special notice. 

The writer intimates that the “As- 
sociation of German Natura] Philoso- 
phers and Physicians,’ which was 
tounded in 1822, is the original of the | 
British Association, which was estab- 
lished some years later, and modeled in 
various respects upon the German pat- 
tern. Speaking ot the late meeting 
which was held in September at Gratz, 
the chief town of Styria, in one of the 
most beautiful valleys of the Austrian 
Alps, after noting that the number of 
those in attendance corresponds very 
nearly with the average number of at- 
tendants at the British Association, he 
adds that, although this may bea merely 
fortuitous resemblanee, yet ‘ both asso- 
ciations are convened for the same num- 
ber of days; both hold the same number 
of general and sectional meetings ; they 
resemble each other in the nature of the 
recreations offered to visitors—excur- 
sions, dinners, and concerts, to whieh, 
in Germany and Austria, are added 
balls and theatrieal performances, while 
England has the private hospitality of 
its nobles and rich manufacturers and 
merchants to offer, which does not enter 
into the German programme, or cer- 
tainly does not appear in it to the same 
extent. A festivity of a peculiar char- 
acter, in addition to those named, was | 
offered by the municipality of Gratz: 
an illumination by bonfires of the moun- 
tains surrounding the town, a sight of 
most impressive beanty.” 

The chief points of contrast in the 
proceedings of the two bodies are stated | 
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to be that, “generally speaking, there 
are no evening meetings in Germany, 
and, the festivals being of a publie na- 
ture (not depending upon private hos- 
pitality), the connection between the 
visitors is greater than it is at the Brit- 
The peculiarity of the 
German meetings is the absence of a 
president; two chargés @affuires being 
nominated to conduct the business of 
the Association—one a natural philoso- 
pher and the other a physician. The sec- 
tions nominate new presidents for each 
of their daily meetings. A consequence 
of this arrangement is a certain want 
of formality. No retrospective intro- 
ductions (presidential addresses) are of- 
fered at the opening of the sectional 
meetings, no criticisms of the work of 
fellow-workers by more or less eompe- 
tent critics, no sweeping remarks on 
the state of science in general. In two 
respects the British Association has an 
indisputable advantage over the Ger- 
man meetings. Those splendidly illus- 
trated evening lectures addressed to the 
general public, which form one of the 
attractions of the meetings in the United 
Kingdom, are not offered in Germany. 
Again, the funds of the German Asso- 
ciation are small; they are spent for 
the purposes of each meeting, and no 
money can be given in grants for scien- 
tific purposes, as is done in Great Brit- 
ain. On the other hand, the German 
Association offers the advantage of a 
speedy publication of its transactions. 
Instead of publishing an annual volume 
long atter the close of the meetings, the 
German Association offers a daily pa- 
per, giving the proceedings in a more 
or less condensed form, according to 
the notes given by members to the gen- 
eral or sectional secretaries. Gener- 
ally, some supplementary numbers are 
issued completing the report within one 
month after the conclusion of the meet- 
ing.” 

The German scientists are further- 
more contrasted with those of England 
by their more pronounced repudiation 
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of utilitarian aims. English science has 
flourished under the stimulus of a press- 
ure from the practical arts which las 
powerfully influenced the direction of 
iuvestigation; the problems being given 
by art are accepted by science tor so- 
lution. The eminence of England in 
commerce, navigation, manutactures, 
and locomotion, has impressed itself 
upon English science, which, while rec- 
ognizing its true work to be the in- 
crease of original knowledge and new 
discoveries, will yet not lose sight of 
the great practical results to be attained 
through such discoveries. German sci- 
ence, on the other hand, still intluenced 
by the spirit of its barren philosophies, 
vehemently protests against this alli- 
ance with the practical and the useful. 
It is never done denouncing the sordid, 
bread-and-butter philosophy of the Eng- 
lish. In exemplification of this feeling, 
a passage is given from an address of 
Lieutenant Weyprecht on arctic explo- 
rations, in which he says: ‘ Originally 
it was the wish for material gain in the 
shape of fur and fish-oil that prompted 
arctic exploration. Later on, this cause 
was replaced by the ambition of geo- 
graphical discoveries, such as are easily 
understood by the general public. The 
running after this sort of fame gradually 
assumed such proportions that arctic 
exploration became a sort of interna- 
tional steeple-chase toward the north- 
pole, a system opposed to true scientific 
discoveries. Topographical geography 
must be snbordinated, in arctic regions, 
to physical geography. Geographical 
discovery derives its value only from 
scientific discoveries connected with it, 
The exploration of the great and un- 
known latitudes near the poles of our 
globe must be continued without regard 
to the expenditure of money and of life 
which it demands. But itsulterior aim 
must be higher than the mere sketch- 
ing, and christening in different lan- 
guages, of islands, bays, and promon- 
tories bnried in ice, and the mere 
reaching of higher latitudes than those 
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reached by onr predecessors, One rea- 
son of the indifferent results of previ- 
ous expeditions 1s, that they have been 
unconnected with each other. The 
progress of meteorology consists in 
comparison, and every success it has 
obtained, such as the laws of storms, 
the theory of winds, ete., is the result 
of simultaneous observations. The aim 
of future arctic explorers must be to 
'make simultaneous observations, ex- 
tending over the period ofa whole year, 
with identical instruments and accord- 
ing to identical rules. In the first place, 
' they will have to consider natural phi- 
losophy and meteorology, botany, zodl- 
ogy, and geology, and only in the see- 
ond place the discovery of geographical 
details. Ido not intend in what F said 
to depreciate the merits of my aretic 
predecessors, whose sacrifices few can 
appreciate better than Ido. In giving 
utterance for the first time to these 
opinions, which I have taken time in 
forming, I complain against myself, and 
Icondemn the greater part of the re- 
sults of my own arduous labors.” 
Germany is again contrasted with 
England in the completeness with which 
science is separated from religion, a re- 
sult we should hardly have expected 
among a people so prone to philosophi- 
eal speculation, Their scientists pursue 
their investigations with but very small 
regard to the bearings they may have 
upon theological beliefs. The writer 
whom we have quoted gives an illustra- 
tion of this in a lecture delivered at the 
Gratz meeting by Prof, Benedict on the 
history of crime with regard to ethnol- 
ogy and anthropolegy. ‘He touched 
upon delicate ground, asserting that 
every action is based less on liberty 
than on compulsion; that our acts aro 
governed by natural Jaws, and not by 
theological opinions; and that punish- 
ment may act as a corrective of per- 
verted human nature, but is chiefly the 
ontflow of the desire of society to avenge 
wrongs inflicted upon it. The best pre- 
vention of crime depends upon the in- 
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crease of our knowledge of those cir- 
cumstances that necessarily engender it, 
In England a speech like this would, 
no doubt, have raised a storm of theo- 
logical indignation. In Germany the 
clergy is distinguished by its absence 
from scientific meetings. The separa- 
tion of natnral science and orthodoxy is 
complete, and no opposition was there- 
fore offered to these remarks,” 

The tendency of English science to 
occupy itself more or less with religious 
questions has several causes. In the 
first place, there is a large and cultivat- 
ed clerical class whose professional du- 
ties are nominal, and who devote them- 
selves earnestly to scientific studies. 
These mingle in the scientific societies 
and associations, and bring with them 
the bias of theological doctrine. Much 
money has, moreover, been expended 
in England, in the way of prizes, to be 
given to writers fur making scientific 
books, for the advancement of theologi- 
cal views; and, as shown by the Bridge- 
water treatises, some of the most emi- 
nent and influential scientific men have 
sanctioned this practice, whieh has been 
much imitated by others of inferior 
ability. Such a eourse could hardly 
fail to arouse reaction and stimulate 
controversy. But, besides these eauses, 
a eanse still more efficient has been in 
operation there, in the rise of a school 
of psychology, that has brought old and 
fundamental theologieal doetrines and 
dogmas into the arena of scientific sern- 
tiny, so that seientifie men, in the per- 
formance of their duty as investigators, 
find themselves brought into collision 
with the ‘defenders of the faith.” 

But, while English scienee is much 
complicated with theology, it is but 
very little affected by polities. On the 
other hand, the political pertarbations 
of German thought are deeply felt in 
its scientific assemblages. While Eng- 
lish science is laboring to free itself 
from undue theological influence, Ger- 
man science is struggling for freedom 
of thought from undue political influ- 
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ences. This was the burden of the 
opening addresses of the September 
mecting. The Association was formed 
upward of half a century ago, and the 
writer in Nature says that polities en- 
tered into the intentions of its founder 
—the celebrated Oken, Professor of Zo- 
dlogy at Jena—as well as of many of its 
original members. ‘“ When German uni- 
ty was nothing but a treasonable aim 
of persecuted patriots, every meeting 
of Germans from different states served 
to spread and to give fresh vigor to this 
aim, and was in itself a protest against 
the division into small states of the 
common country, and against perseeu- 
tions such as Oken himself has had to 
suffer, Ay, and even now, when the 
old wishes have been fulfilled, and no 
division separates government and na- 
tion, remains of the old politieal under- 
current can still be traced in some of 
these meetings.” 

The interest of German men of sei- 
ence in political subjeets is, therefore, 
an incident of the disturbed condition 
of the people, rather than any tendency 
to the purely scientific study of political 
and soeial problems, 


We have a great amount of decla- 
mation on the dignity of mind, but we 
shall have a rational appreeiatiun of 
that dignity just in proportion as we 
understand the laws of mind: what we 
need, therefore, is a broader and clearer 
apprehension of meutal science. The 
attention of students of this subject is 
called to the weighty and suggestive ar- 
ticle whieh opens the present number of 
Tue Montuty, on “The Comparative 
Psychology of Man.” It treats of a phase 
of the subject of great moment, but 
hitherto only slightly regarded. It will 
be evident to all readers that the view 
taken by the writer is one that must 
be permanently recognized in future 
if mental phenomena are to be inter- 
preted on striet scientific prineiples. 
But the article, moreover, remarkably 
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exemplifies the elose interdependence 
of the higher and more complex sci- 
ences. Those who have been slow to 
comprehend the alleged important bear- 
ing that psychology has upon sociology 
will see that the two subjects are so in- 
extricably involved—the mental organ- 
ism and the social organism having 
been developed together by intimate 
interaction—that neither can be eluci- 
dated in a really seientitie way without 
working out its relations to the other. 
The article affords an excellent illus- 
tration of the fruitfulness of investiga- 
tion from the genetie point of view. 
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Currency AnD Banking. By Bonamy Price, 
Professor of Politieal Economy in the 
University of Oxford. Pp. 176. Price, 
$1.50. D. Appleton & Co. 

Tae author of this book is not a stranger 
to the American people. He made a tour 
of the country a year or two sinee, and was 
called upon at various points to express his 
views on curreney and finanee, which he 
did with a bluntness and pungency that 
made a deep impression upon his hearers, 
and upon all who read his well-reported ad- 
dresses. It was felt by many that his views 
were sound and important, and that it 
would be an advantage to the country if he 
would give us a season of lecturing upon 
the subjeet. But, as he eould not remain, 
he agreed to do the next best thing, which 
was, to prepare a little volume, to be pub- 
lished in this country, giving a condensed 
exposition of his views. This volume is 
now issued and will be widely read, as well 
for its vivid and racy controversialism as 
for its sound and instructive teachings upon 
the topics discussed. Besides the Appen- 
dix, it is divided into three parts: first, 
“Metallic Currency ;”? second, “ Paper Cur- 
rency;” and third, ‘What is a Bank?” 
Prof. Price insists that there is really very 
little mystery about this subject that is gen- 
erally regarded as so mysterious ; while he 
admits that there is more error and absurd- 
ity and stupid nonsense put forth regarding 
it than upon almost any other subject of 
current speculation, A main cause of this, 
he states to be, the credulous confidence 
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with which the publie listens to the outgiv- 
ings of men whose authority comes not from 
any intelligent or scientific understanding 
of the subject, but from the circumstance 
that they deal in money and have a great 
deal of it, and much to do with it, But 
practical familiarity with busiuess opera- 
tions, he maiutaius, is very far from eon- 
ferring insight into the philosophy of such 
operations, A blockhead may make money, 
and make a parade of all the technical terms 
of fiuance, but know no more of the prinei- 
ples of the subject than the veriest beggar 
who hardly sees a dollar from one year’s end 
to another. Yet the public pricks up its 
long ears to listen to the oracular twaddle 
of brokers, bankers, merchants, and treas- 
ury officials, who only coufuse and confound 
the subject with their diseordant utterances. 
Such books as those of Price and Jevons 
will do much to clear away the fog that has 
gathered around monetary questions in this 
country, and they should be widely ciren- 
lated and earefully read, especially by young 
men who would prepare themselves to take 
a useful part in public affairs. 


ELemuents or Meteorotocy. Parr Il., Mc- 
TEOROLOGICAL Cyciss. By Joun IL. Tics, 
St. Louis, 1875. Pp. 208. Price, $2.50, 
We have in Mr. Tice’s book another wild 

and fruitless attempt to explain all phenom- 
ena by electricity. As, in former times, 
unexplained phenomena were ascribed to 
magie or supernatural power, so in modern 
days the unscientific look to electricity as 
the efficient cause of all physical mysteries. 
The author of this book admits no force but 
electricity. Mechanies is a nightmare, cen- 
trifugal force is electric repulsion, the per- 
turbing foree of a planet is only electric at- 
traction, and all the phenomena of our at- 
mosphere arise from electrical causes. 

The volume before us is Part IL, and 
from the preface we learn that Part I. has 
never been published ; we are, however, not 
left in doubt as to its contents. We are 
told on the first page that in Part E we can 
learn “all about the nature and constitu- 
tion of rain and snow storms; all about 
eold and hot, wet and dry, seasons; and all 
about winds, gales, tornadoes, and hurri- 
canes.” If Mr. Tice has done half of what 
he claims, he has done enough to secnre 
immortal fame. Nevertheless, after an ex- 
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amination of Part I]., we are seized with 
a violent longing to be spared from Part 1, 
The special function of Part H. is to estab- 
lish meteorological cycles and to promul- 
gate the theory of plinetary equinoxes, on 
the strength of which Mr. Tiee has made 
predictions which have gained for him con- 
siderable attention. It is unfortunate, how- 
ever, tor his reputation that he ever vent- 
ured into print; for no one can give his 
book the most cursory examination with- 
out detecting its unsoundness. Lack of 
space forbids more than a brief outline of 
Mr. Tice’s theory. To point out all his 
errors in mathematics, pkysics, and astron- 
omy, his false assumptions and logical falla- 
cies, would require several pages, 


All phenomena are periodic, “Theregu- ; 


lar recurrence of identical physical phenom- 
ena is an admitted fact.’ Were the cycle 
known, we could tell just when the jhe- 
nomena of the past would be repeated. 
Mr. Tice considers the discovery of a me- 
teorological cyele “the most clamant desid- 
erutum of the age.” The discovery (2) of 
the Great Cyele was Mr. Tice’s first step in 
the science of meteorology. It is exaetly 
11.86 years. THe claims that this is estab- 
lished by the periodic phenomena of sun- 
spots, magnetic storms, cyclones, earth- 
quakes, auroras, ete., but fails to give us 
the process of reduction. This period is 
identical with Jupiter's year, and the infer- 
ence is that Jupiter is the cause of the 
eyele, which heneeforth is called the Jovial 
Cyele, The idea of associating Jupiter 
with the eleven-year periods is not new, 
but we supposed it had been abandopved. 
Mr. Tice’s next stage is to prove that 
the phenomena of sun-spots, cyclones, ete., 
reach their maxima when Jupiter is at his 
equinoxes, and, of course, once every 5.98 
years, This proof Mr. Tice gives in full 
with immense satisfaction, quite uncon- 
scious of its having not even a presunip- 
tion in its favor, Finding nothing in his 
astronomy of Jupiter's ecuinoxes, he as- 
swmed that his solstitial points coincided 
with his points of greatest and least dis- 
tance from the sun (aphelion and perihe- 
lion), as is the case, approximately, with 
the earth. The same groundless and false 
assumption is afterward made for the other 
planets, and such reasoning Mr, Tice calls 
“deduction from general principles” and 
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“telluric analogy.” Again, at its equi- 
noxes the earth is at its greatest distance 
north and south of the plane of the sun’s 
equator: Mr. Tice infers that the same is 
true of all other planets, 

Mr. Tice ealeulates the equinoxes of the 
planets from their aphelia and perihelia, 
and accounts for the disturbing force of a 
planetary equinox on the supposition that 
the planet at its equinox is at its greatest 
distance from the solar equator, and hence 
exposed to only one pole of the sun. ‘Thus, 
when the earth is at its vernal equinox, the 
north pole of the sun is invisible, and we 
are exposed to the full influence of its south 
magnetic pole. Terrific energy is then in- 
terchanged, disturbing both the atmosphere 
of the earth and that of the sun, The dis- 
turbances in the latter are communicated 
to the other members of the solar system. 
Similar results are produced at the autum- 
nal equinox by the sun’s north magnetic 
pole. When at their equinoxes the other 
planets undergo a like expericnee, and in- 
directly, through the sun, we share in the 
resultant electrical excitement. Such is 
the theory, and on such foundations does 
it rest. Historical records and the reports 
of the weather bureaus furnish endless con- 
firmations, for every storm finds an equinox 
In order to in- 
clude all actual phenomena, the duration of 
an equinoctial period is put at one-fourth the 
planet’s year, so that each planet spends halt’ 
its time in ereating disturbances throughout 
the solar system. 

Not the least curious feature of the book 
is the adoption, into the family of planets, 
of the mythical Vulcan, supposed to have 
been discovered in 1859, and for a time 
believed to be a real planet, lying very near 
the sun, As nothing has been seen of it 
for the last dozen years, this looks very 
much like another assumption, of which, 
indeed, there appears to be no lack through- 
out the book. 


PROCEEDINGS OF THE SEVENTH ANNUAL SEs- 
SION OF THE AMERICAN PHILOLOGICAL 
Association, held at Newport, 2.1, July, 
1875, Hartford, 1875. 

Tue meeting of the American Philologi- 
cal Association, of which this pamphlet is 
a record, was held at Newport, R. 1., from 
July 138th to July 15th of this year. It 


LITERARY NOTICES. 


was opened by an eloquent and suggestive 
address from the President, Dr. 1. Hammond 
Trumbull, who reminded the Association of 
the urgent need of attentive study of the 
strueture of the languages of our American 


Indians, a need all the more urgent as they | 


have no written language, and as year by 
year they are passing away. The vexed 
question as to a change in the present mode 
of spelling in English was also considered, 
and Dr, Trumbull avers that, while scholars 
agree on the question of the desirability of 
such a change, the main difficulty in the 
way of reform is the want of agreement 
anong them as to the best way of ellecting 
it. He says, “The objection that reform 
would obseure etymology is not urged by 
real etymologists ;” and the testimony of 
Hladley and Max Miller is quoted, sustain- 
ing this position. 

Again, the objection that words “when 
decently spelled would lose their ‘ historic in- 


terest” is equally unfounded. The modern or- | 


thography is superlatively unhistorieal, . . . 


The only history it ean be trusted to teaeh | 


begins with the publication of Johnson's 
Dictionary.” The important recommendation 
is made that a list of words be prepared, 
“exhibiting side by side the preseut and the 
reformed spelling,” sueh that prominent 
seholars in England and America would ree- 
ognize either form as allowable. 

This subjeet was referred to a eom- 
mittee of five eminent philologists, who will 
report at the next annual meeting, and have 
liberty in the mean time to prepare such a 
list of words and eause them to be printed. 
This aetion assumes an additional interest 
from the fact that the State of Connecti- 
eut has already in contemplation such a 
ebange of spelling in its official reports and 
sournals, 

Important papers were read by Prof. 
Albert Harkness, Mr. A. C. Merriam, Prof, 
F. A. March, Prof. Franklin Carter, and 
others. 

Many of these are, of course, of quite a 
special nature: among those of more gen- 
eral interest may be mentioned Prof. Mareh’s 
paper on “The Tmmaturity of Shakespeare 
as shown in Hamlet.” Inthe report of Prof. 
Mareh’s paper in the “Proceedings,” his 
analysis of the play, from this point of view, 
is brought into nine short propositions whieh 
are comprised within the limits of an octavo 
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page. This brevity rather amusingly recalls 
Goethe’s prolix analysis of the same play 
in “ Wilhelm Meister ;” 
certain that Prof. March’s summary will not 
help the puzzled reader of Hamlet quite as 
much as Goethe's chapters. 

Another paper of interest was by Mr. 
C. M. U’Keete, of Brooklyn, “ On the Proper 
Names in the First Sentence of Cwsar’s 
Commentaries.” 


it is by no means 


<ANncaL Report oF THE SUPERVISING StR- 
GEON OF THE MARINE ]losPITAL SERVICE 
or THE UniTep SraTes, FOR THE Fiscau 
Year 1874. By Joun M. Woopwortu, 
M.D. Washington, 1875, Pp, 256. 
Tis report opens with a brief statement 
of what the Marine Hospital Service of the 
United States is; amount of eolleetions and 
expenditures during the year; uumber of 
eases of disease and injury treated; and a 
comparison of the figures with those of pre- 
vious years. Defects needing legislation ; 
cost of the service to the government 5 port 
inspections and office dues; government 
hospitals; and preventive medicine in the 
service, are the subjects of succeeding see- 
tions. Then follow seventy pages of statis- 
ties classified under two heads: first, finan- 
cial and ceonomic ; seeond, medical and 
Eleven papers under the follow- 
ing titles, and a copious index, oceupy the 
last one hundred and fifty pages of the book: 
“The Hygiene of the Forecastle ;” “* Ameri- 
can Commeree and the Service ;” “ Unsea- 
worthy Sailors ;” “Sailors and their Dis- 
eases in Chelsea Hospital;” “The Serviee 
on Cape Cod;” “The Freedman and the 
Service on the Obio;” “ Diseases of River 
Men, their Causes and Prevention; “Pre- 
ventable Diseases on the Great Lakes;” 
“Syphilis: the Scourge of the Sailor and 
the Publie Health;” ‘“ Yellow Fever at 
Pensacola in 1874;” “The Yellow Fever 
Epidemic of 1873.” These papers are by 
different authors, and will be found of in- 
terest by medical men. 


surgical. 


Toe Mecmanic’s Friexp By W. E. A. 
Axon. New York: Van Nostrand, Pp 
339. Prige, $1.59, 

THE articles contained in this volume 
originally appeared in the english Mechunie, 


' a practical magazine of sterling merit. The 


information may be relied on as trustworthy, 
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and the problems solved are preeisely sueh 
as arise for solution every day in the work- 
shop of the mechanic or the amateur handi- 
craftsman, We eannot better indicate the 
character of the work than by naming a few 
of the heads under which the matter it eon- 
tains is arranged. Thus we have the head- 
ing “ MiseeHaneous Tools, Instruments, and 
Processes,’ which includes hints on the 
microscope, hydraulic press, drills, screw- 
propeller, ete. ; ‘Cements, Glues, Varnish- 
es,” “Solders,” ‘“ Metals,” “ Steam-En- 
gine,” “ Fire-arms,” “ Clock-work,” ‘‘Gliss,” 
“ House ard Garden,” “‘ Drawing and Mod- 
eling,” ‘“ Photography,” ‘‘ Musical Instru- 
ments,” “ Electricity and Telegraphing.” 


THE MecianicaL Enxcinger: Tis PRepara- 
TION aNp mis Work. By R. H. Tuvrs- 
tox, C.E. Pp. 24. New York: Van 
Nostrand. 

Tis is an address to a graduating class 
of the Stevens Institute of Teehnology, by 
the Professor of Mechanical Engineering. 
Prof. Thurston, in the first place, recalls to 
the minds of the young engineers the rare 
educational advantages they have enjoyed 
at the Institute: very full instruction in 
mathematics and physics; in modern lan- 
guages; the English language and literature; 
principles of engineering, and the practice of 
the arts connected therewith. So far, the 
students have been working at the founda- 
tion; the superstructure they must build by 
their own efforts. The professor exhorts 
them to be wide-awuke, observant, eonscien- 
tious, true to their clients, progressive, radi- 
cal in theory but conservative in practice, 
and diligent in study. 


Pourtics as a Science. By Cuas. REEMELIN. 
Cincinnati: R. Clarke & Co., Printers. 
Pp. 186. 

In this work the author well sustains 
the reputation he has long enjoyed of being 
a profound thinker. It contains the results 
of Mr. Reemelin’s meditations during many 
years—meditations reduced to writing from 
time to time without any definite intention 
of publishing—upon the laws and phenom- 
ena of politics. As reading corrected his 
views, these detached meditations were 
amended, and gradually the purpose ripened 
to gather them together and put them in 
permanent form, 
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MeranosiperitE: A New Mineral Species 
from Mineral Hill, Delaware County, 
Pennsylvania; and on Two New Varie- 
ties of Vermieulites, with a Revision of 
other Members of this Group. By Jo- 
sian P. Cooke, Jr. From “ Proceed- 
ings of the American Academy of Sci- 
ences.” Pp, 12. 

Tne first of these papers is a brief de- 
scription of the physical and chemical char- 
acters of a new mineral which, aecording 
to the author, is elosely related to the ses- 
quihydrates of iron. It contains ahout 
seventy-five per cent. of sesquioxide of iron, 
seven per eent. of silica, and thirteen per 
cent. of water, the remainder being alurrina, 

The second paper is a full account of 
the physieal properties and chemieal con- 
stitution of two new varieties of vermic- 
ulite, a mineral having a granular, sealy 
strueture, and composed mainly of silica, 
alumina, magnesia, iron, and water. Its 
name is derived from the circumstance 
that, when heated, its scales open out into 
worm-like threads. 


On a Fetan Manatee anp CeTackan, with 
Remarks upon the Affinities and An- 
cestry of the Sirenia. By Prof. Burr 
G. Winper. Reprinted from the Ameri- 
can Journal of Science and Arts. Pp. 
10. Illustrated. 

Tus is a preliminary paper describing, 
with measurements, the external parts of a 
foetal manatee, a little less than three inches 
long; aud a foetal cetacean but a trifle 
longer, and supposed to be the embryo of 
a porpoise or dolphin. Then follow some 
remarks on the affinities of the sirenia, in 
which the author, after referring to the 
present state of opinien on the subject, 
gives reasons for viewing them as near re- 
lations of the ungulates. 


EXAMINATION OF GASES FROM THE METEOR- 
1TE OF Fepruary 12, 1875. By A. W. 
Wricat. Pp. 6. 

Pror, Wricut analyzed some fragments 
of the great Iowa meteorite of 1875, and 
the results of his investigation are given in 
the pamphlet before us. He finds the spec- 
trum of the gases contained in the meteor- 
ite to closely resemble that of several of 
the comets. Other facts are cited to show 
that a eomet is simply a meteorite of con- 
siderable magnitude, or a swarm of many 
of lesser size. 
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A Report on Tricutxosis, as observed in 
Dearborn County, Indiana, in 1874. By 
Grorce Surtoyn, M.D. Aurora, Indi- 
ana, Pp. 28. 

Tuis is a remarkably clear and interest- 
ing history of an outbreak of trichina dis- 
ease that was clearly traced to the cating 
of smoked but uncooked sausage. The 
disease was fatal in several cases, but the 
larger proportion of those attacked recov- 
ered, The author describes the symptoms 
of the disease, and the several modes of 
treatment that were adopted. The occur- 
rence led to an extended examination of 
the pork produced in several counties in 
Southern Judiana, when it was found that 
from three to sixteen per cent. of the hogs 
that came under observation contained tri- 
chine. Though full of important informa- 
tion for the doctors and the public, this 
paper is, for pork-eaters, any thing but 
pleasant reading. 


PREVENTIVE MEDICINE. 
M.D. Pp. 12. 
Tux author of this address defends the 

paradox that disease is the normal condi- 

tion, while health is the abnormal condition 
of our race. If this is the case, then pro- 
phylaxy and sanitation must be up-hill work 
indeed. Still to this work Dr. Gay does not 
hesitate to address himself, and his pam- 
phlet contains many timely observations on 
various insanitary conditions of modern life. 


By 0. C. F. Gar, 


Heatta FraGMents; on, STEPS TOWARD A 

True Lire. By Georce H. Everert, 

M. D., and Susan Everett, M.D. New 

York: Charles P. Somerby. Pp. 306. 

Ilustrated. Price, $2. 

Tris book contains a few good thiugs, 
that have been saida hundred times before, 
and that are here scattered through a large 
amount of nonsense which might better have 
been left unsaid. 


Minerac Deposits rn Essex County, Massa- 
cnuskETtTs, especially in Newbury and 
Newburyport; with Map. By Cuas. J. 
Brockway. Newburyport, 1875. Price, 
50 cents. 

Tus is a pamphlet of sixty pages, con- 
taining a popular account of the discovery, 
opening, and mode of working, of the new 
silver and lead mines in the locality named. 
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Aérirat Locomotion; Pettigrew vs. Ma- 
rey. By Prof. Covcutriz. London, 
1875. Pp. 20. 

Oy the first page of this pamphlet the 
author says his object is to show that, not- 
withstanding certain apparent differences, 
Pettigrew and Marey essentially agree in 
their views on the subject of flight. But 
the real object, as it appears from the re- 
maining pages, is to prove by citations from 
both authors that Pettigrew anticipated 
Marey in most of his results, the latter, in- 
deed, having claimed as original a great deal 
for which he was clearly indebted to Dr. 
Pettigrew. It is the old fight over again 
concerning priority of discovery, and in this 
case, according to our present lights, Petti- 
grew appears to have the best of the battle. 


Hacr-Hovr Recreations iN Popciar Sci- 
ENCE. Boston: Estes & Lauriat. Price 
per number, 25 cents. 

Nuser 13 of this series contains Tyn- 
dall’s paper on “ The Transmission of Sound 
by the Atmosphere,’ and an account of 
“Gigantic Cuttle-Fishes,” by W. Saville 
Kent. In this paper the author recites the 
records of early observations of these mon- 
sters, the stories about which were consid- 
ered doubtful until the recent discoveries 
off the coast of Newfoundland, The bulk 
of the article isa history of these later dis- 
coveries. 

Number 14 is on “ The Glacial Epoch 
of our Globe,” by Alexander Brown. This 
is an interesting popular statement of how 
the theory of a glacial epoch arose, and of 
the investigations and theories relating to 
the constitution and movements of glaciers 
of celebrated observers. The number is 
illustrated, 

Number 15 gives Balfour Stewart’s ad- 
dress on “ The Sun and the Earth; ” a pa- 
per on “Force electrically exhibited,” by 
J. W. Phelps; and two short articles enti- 
tled respectively ‘Weighing the Earth in 
a Coal-Pit,” and The “Influence of Violet 
Light on the Growth of Animals and Plants.”’ 


PsEUPOMORPHS OF CHLORITE, AFTER GARNET. 
By R. Pumpetty. Pp. 4. 


OF interest to mineralogists exclusively. 
The paper is republished from the Ameri- 
zean Journal of Science. It is accompanied 
with two colored lithographs, 
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Causes or InreGcLarimies IN THE Dervet- 
orMeNtT oF THE TeETH. By N. W. Kines- 
Ley, D. DS. Pp. 42. 


Tuts pamphlet contains 2 paper on the 


above subject, read betore the Odontologi- | 


eal Society of New York. 
teeth is shown to arise from three causes : 
1. During the life of the individual, from 
cerebral disturbance while the tecth were 
forming; 2. Or before the individual life 
commenced, from like causes transmitted ; 
or, 58. From mixing inharmonious types, 
large teeth with small jaws. 


Trregularity of 


On THE CoTron-WorM OF THE SovTHERN 
Sraves. By Ave. R. Grove. Dp. 6. 
In this paper, reprinted from the pro- 
ceedings of the Hartford meeting of the 
Association for the Advance- 
ment of Seience, Prof. Grote summarizes 
the results of five seasons’ observation of 
the cotton-worm in the States of Georgia 
and Alabama, Where the moth first came 
from, its powers of flight, breeding habits, 
and the measures tu be taken against its 


american 


ravages, are among the interesting ques- 
tious discussed. 


Tue American ngincer, published 
monthly at Baltimore, begins its third vol- 
ume inenlarged form, Though primarily 
this journal addresses inventors and me- 
chanies, it will be pernsed with interest by 
the general reader, who will find in its pages 
much useful scientific and industrial infor- 
mation, $1.00 per annum. 


PUBLICATIONS RECEIVED 
Condition of Affairs in Alaska. By IT. W. 


Elliott. Washington: Government Print- 
ing-Office, Pp. 277. 


Our Wasted Resources, By W. Iar- 
greaves, M.D. New York: National Tem- 
perance Society, Pp. 201. Price, $1.25. 

Dissertations and Discussions. Vol. V. 
By J. Stnart Mil. New York: Holt & Co, 
Pp. 294, Price, $2.50. 

Soluble Glass. By Dr, L. Feuehtwan- 
ger, Pp. 168. 


Report of the Commissioners of Educa- 
tion, 1874. Tp. 936. 


| New 
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Graphical Rtatics. By A.J. Du Boia, 
C.E. New York: Van Nostrand. Pp. 79. 


Camp-Life in Florida. Dy Charles Hal- 
lock. New York: Forest and Stream Co 
Vp. 348, 

Trayel in Southwestern Africa, 


J. Anderson. New York: Putnams, 
329, Price, 82.00. 


By C. 
Pp. 


Strength of Beams. 
York: Van 
Price, 50 cents. 


By W. Allan. 
Nostrand, Pp, 114. 


Report of Prison Association of New 
York, 1874. Pp. 192. 


State Medicine and Insanity. 
N. Allen. Pp. 31. 


By Dr. 


Sewerage. By W. Hf. Corfield. New 
York: Van Nostrand. Pp. 128. Trice, 


50 cents. 


Manufacture of Pottery among Savages. 
By ©. F. Wartt. Rio de Janeiro: South 
American Mail print. Pp. 7. 


Prospecter’s Manual. By W. J. Scho- 
field. Boston: Schofield & Co. Pp. 96. 
Price, 50 cents. 


American Journal of Microscopy. New 


York: Handicraft Publishing Company. 
Pp. 12. Price, 50 cents per annum. 


Check-list of Noctuidee. By A. R. Grote. 
Buffalo: Reinecke & Zesch, printers. Pp. 
28, 

Difference of Thermal Energy transmit- 
ted from Different Parts of Solar Surface. 
By J. Eriesson. Pp. 10. 

Report of Direetors of the New York 
Meteorological Observatory, 1873. Pp. 34. 


Currency. By G, B. Satterlee. Pp. 17. 


Report of Directors of the California 
Institution for Deaf and Dumb and the 
Blind. Pp. 55. 

Prohibition does prohibit. 
Stearns. Pp. 48. 

Odontornithes: By O. C. Marsh. Pp. 7. 
By §. 8. Todd, 


By J. N. 


Anesthetics in Labor. 
M.D. Pp. 25. 


The Great Salvation. By J. W. Chad- 
wick. Pp. 23, 


MISCELLANY. 


MISCELLANY. 


The Frailty of Modern Art.—The old 
masters made their own colors. The mate- 
rial which entered into their pigments came 
to them unadulterated, and the excellence 
of the paint depended on the brain mixed 
in it. Hence, their paintings to-day, though 
lacking somewhat freshness of color, have 
a mellowness which age can only give to 
pigments of the highest excellence. Mod- 
ern pictures will not ripen, their colors 
fade, and the mellowness of the old mas- 
ters is unattainable. Holman Hunt, of 
England, has called the attention of lovers 
of the fine arts to this deplorable fact. And 
the reasons are given. The artist's colors 
are uo longer made by himself. Their 
manufacture is a business from whose se- 
crets he is shut out. Artist's colors are 
subject to fearful adulteration. Even the 
oils cannot be genuine, as things go. The 
materials of which they are made go to the 
maker in a sophisticated state, Linseed and 
poppy-seed are adulterated before they 
reach the oil-maker’s hands. So too, is it 
generally with the crude material for the 
pigments. A high-priced vermilion from 
an eminent dealer, upon analysis, yielded 
twelve per cent, of red lead. So the artist, 
who puts his whole life and soul into a 
painting that should be “a joy forever,” has 
this immortality of art quenched by the 
use of dishonest paint. 


Oscillations of Lakes.—The “ seiches” of 
the lake of Geneva hare for several years, 
as we learn from Nadwre, been under inves- 
tigation by Forel, of Lausanne. The term 
“sciche ” is applied locally to certain oseil- 
latory movements occasionally seen on the 
surface of the lake. The phenomenon had 
been investigated by previous observers, 
among them Saussure and Vaucher, who 
attributed it to variations in atmospheric 
pressure; in this, Forel agrees with them, 
The same phenomenon occurs in other 
Swiss lakes, and Forel believes it will be 
found in all large bodies of water. He 
recognizes in the “sciche” probably the 
most considerable and the grandest oscil- 
latory movement which can be studied on 
the surface of the globe. His investiga- 
tions have Jed him to the conclusion that 
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the “seiche” on the Swiss lakes is an os- 
eillatory undulation, having a true rhythm, 
and that the phenomenon is not occasional, 
but constant, though varyiug in degree. 
The duration of a “seiche” is a function 
of the length and depth of the section of 
the lake, along which it oscillates; this 
duration inereases direetly with the length, 
and inversely with the depth of the lake. 
The instrument he has devised for the in- 
vestigation of the phenomenon he ealls a 
plémyramétre (“ tide-measurer ”’). 


Contents of a Kitehen-Midden.—Prof. 
Cope lately exhibited to the Academy of 
Natural Sciences of Philadelphia a collec- 
tion of animal remains, fragments of pot- 
tery, flint arrow-leads, ete., taken from an In- 
dian kitchen-midden in Charles County, Md. 
The avimal remains ineluded the bones of 
seventeen species of vertebrata and two of 
shells. Of the vertebrates four were nam- 
mals, two birds, four reptiles, and seven 
fishes. The mammals were the Virginia 
deer, raccoon, gray squirrel, and opossum, 
Most of the deer-bones had been split into 
pieees lengthwise for the purpose of extraet- 
ing the marrow. The birds were repre- 
sented by a number of parts of the turkey, 
and the tarsometa-tarsus of some natatorial 
bird of the size of a widgeon. The reptiles 
were all turtles, and included the snapper, 
the box-tortoise, and two emydes. The 
fishes represented were the sturgeon and 
the gar, there were also numerous bones of 
Siluroid fishes of at least two species. The 
mollusks were Unio purpureus and Jesodun 
albolubris. 


Habits of Bund Crawfish from Mammoth 
€ave-—In November, 1874, Prof. F. W. Put- 
nam collected a number of blind crawfish 
(Cumbarus pellucidus) in the Mammoth 
Carve, which he kept alive for several months 
afterward in Massachusetts. The habits of 
these animals and the reproduction in them 
of lost parts are the subject of a eommuni- 
cation by Prof. Putnam, pubiished in the 
“Proceedings of the Boston Society of Nat- 
ural History.” The animals eat but very 
little in captivity. When food is dropped 
into the jar iu which they are kept, they 
dart backward, then extend the antenna, 
and stand as if on the alert. The animal 
continues in this attitude for several min- 
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utes, and then cautiously crawls about the 
jar with antenne extended. On approach- 
ing the pieee of meat, and before touching 
it, the animal gives a powerful backward 
jump and remains quiet for a while. It 
often repeats this three or four times before 
touching the food, and when it does touch 
it the result is another backward jump. 
When it has become satisfied that there is 
no danger, it takes the morsel in its claws 
and conveys it to its mouth. ‘I have twice,” 
says the author, “seen the meat dropped as 
it was passed along the hase of the antenna, 
as if the sense of smell, or more delicate or- 
gans of touch seated at that point, were 
again the cause of alarming the animal. 
When the jaws onee begin to work, the 
piece of meat, or Lread, if very small, is 
devoured, but if too large, only a few bites 
are taken, and the food is dropped and not 
touched again.” 

A detailed aceount is given of one of the 
specimens, in order to show the mode of 
reproduction of lost members, This speei- 
men, a female, was captured November 13th, 
being then perfect in all respects, except 
the right, large claw, which was as yet ru- 
dimentary. Total length of the animal from 
tip of large claw to end of tail, not quite 
two and a half inches. From November 
14th to 24th, the crawfish lost in battle most 
of her antenna, the third, fourth, and fifth 
legs from the left side, the fifth from the 
right side, and the two end-joints of the 
third leg on the right side; January 28th or 
29th she east her shell and eame forth with 
asoft white covering, which was nearly two 
weeks in hardening. All the legs which were 
perfeet before were now of the same size, but 
in addition the great claw of the right side 
was developed to about one-half or two- 
thirds the size of its fellow, and was appa- 
rently of as much use. The two missing 
joints of the third leg on the right side were 
also developed, though not quite to their full 
proportions. The fifth leg on the right side, 
and the third, fourth, and fifth of the left 
side, were reproduced, but in a very small 
and rudimentary manner. The antenne 
were about two-thirds their full size. On 
April 20th the shell was again cast; the 
crawfish had now all the legs and claws 
nearly perfect. The great claw of the right 
side was very nearly as large as that of the 
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left, The tip of the third leg of the same 
side was perfect, and all the legs that be- 
fore were rudimentary were 1ow developed 
apparently to their full proportionate size, 
with the exception of the last on the right 
side. Antenne about full length. 

From these observations, it will be seen 
that the parts are not reproduced in per- 
fection on one shedding of the shell, but 
that each time the shell is east they are 
more nearly perfect than before. 


Sound and Fog Signals.—-Among the pa- 
pers read at the Philadelphia meeting of the 
American Academy of Sciences, was one hy 
Prof. Henry on “Sound and Fog Signals,” 
of which we present an abstract. The au- 
thor stated the results of experiments made 
last summer, under the direction of the 
Lighthouse Board, at Block Island, and at 
Little Jail Island, at the east end of Long 
Island Sound. One set of experiments was 
made to investigate the cause of an echo 
apparently heard from the ocean: the re- 
sults were not such as to solve the problem, 
though they favored the hypothesis that the 
echo was due rather to a reflection from the 
waves than from the air, Another sct of ex- 
periments was directed to investigating the 
effect of elevation on the hearing of sound; 
the result was to show that a sound travel- 
ing against the wind is heard farther away 
on an elevation than at the sea-level, In 
five cases, sound was heard five times far- 
ther with the wiud than aguinst it, the wind’s 
velocity being about five miles per hour. 
The effects of sound traveling with the wind, 
against it, at right angles to it, ete, were 
shown in diagrams representing curves of 
audition. In still air these curves are near- 
ly circular; with wind uniform in velocity 
throughout the whole space the eurves are 
approximately elliptical. The curves dif- 
fered according to the different conditions, 
It appeared to be demonstrated that sound 
is heard farthest with a moderate wind, and 
that with a strong wind it is heard a less 
distanee in every direction than in still air, 
and perhaps to a less distance than with a 
wind of moderate velocity, These experi- 
ments will be resumed next summer. 


Origin of the Numerals.—Having never 
met with any explanation of the origin of 
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the numerals, or rather of the figures sym- 
bolizing them, perhaps I am right in sup- 


posing that nothing satisfactory is known | 


of it. In that case the following may be 
interesting to your readers: The first col- 
umn contains the original figures, each con- 
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taining as many lines as the number which 
it is intended to represent. The other col- 
umus show the transitions likely to result 
from quick writing —W. Donistuorpe in 
Nature. 


Location of Sensory Centres in the 
Brain.—At the recent meeting of the Brit- 
‘ish Medical Association, Dr. Brunton read 
a paper communicated by Dr. Ferrier, en- 
titled “Abstract of Experiments on the 
Brains of Monkeys, with special reference 
to the Localization of Sensory Centres in 
the Convolutions.” The experiments, whieh 
were conducted by trephiuing and the de- 
struction of the sensory centres by means 
of a red-hot wire, led to the following re- 
sults, as stated by the Lancet: These cen- 
tres are bilateral, so that when, for instance, 
one of the centres of touch was destroyed, 
there was loss of tactile sensibility in the cor- 
responding half of the body. Stimulation of 
the centre of hearing caused the animal to 
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prick up its ears as if it heard something, 
while destruction of the whole of this cen- 
tre rendered the creature totally deaf. De- 
struction of the centre of vision correspond- 


| ing to one eye only, rendered the animal 


temporarily blind in that eye, the funetion, 
after twenty-four hours, being carried on 
by the opposite centre. In the discussion 
which followed, Dr. Nairne pointed out that 
other observers had arrived at conclusions 
different from those of Ferrier, and that the 
brain of a monkey eould not be taken as 
exactly similar to that of a man; but Dr. 
Bruntou thought the mistake made by Ger- 
man and other investigators who differed 
from Ferrier was, that they took the brains 
of animals lower even than the monkey to 
correspond with that of man, Dr. Dupuy 
said that he had found, when the centres 
of motion on one side of the brain were 
removed, that paralysis followed for a short 
time throughout the corresponding part of 
the body, but that, when the centres were 
removed from both sides of the brain, there 
was no paralysis at all. 


Health of Children in Ctali.—In a report 
made by Surgeon E. P. Vollum to the Sur- 
geon-General on “Some Diseases of Utah,” 
it is stated that the adult population of that 
Territory is as robust as any within the lim- 
its of the United States. The children fur- 
nish two-thirds of all the deaths, most of 
which occur under five years of age. In 
Salt Lake City, as appears from the register 
kept by the undertakers, the male deaths 
exceed the female in number about 50 per 
cent., but Surgeon Vollum could not get the 
relative proportion. The polygamous chil- 
dren are as healthy as the monogamous, and 
the proportion of deaths about the same, 
the difference being rather in favor of the 
former, who are generally, in the city espe- 
cially, situated more comfortably as to resi- 
dence, food, air, and clothing, their parents 
being in easier cireumstances than those in 
monogamy. It is perhaps still too carly to 
form an opinion as to the influence of po- 
lygamy on the health, or constitutional or 
mental character of the Anglo-Saxon race in 
Utah ; but Surgeon Vollum has been unable 
to deteet any difference in favor either of 
monogamy or polygamy. So far as he can 
learn, polygamy in Utah furnishes no idiocy, 
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insanity, rickets, tubercles, struma, or de- 
basing constitutional condition of any kind, 


Vehicles of Tufectionn—A number of 
cases of the transmission of contagious dis- 
eases by means of clothing, articles of fur- 
niture, and other objects that had been in 
contact with persons stricken by such dis- 
eases, are brought together by a writer in 
Chambers's Journal, in order to show the 
great importance of thoroughly disinfecting 
such vehicles of infection, before making 
use of them again. The author, Mr. Wil- 
liam Chambers, in the first place quotes 
Sir James Simpson’s remedy for hospital- 
infeetion, namely, building such establish- 
ments of cast-iron, and casting them anew 
when contaminated. A servant-girl in 
Morayshire died of scarlet fever. Her 
clothing was sent back to her parents, but 
en route the box lay over for a few days at 
a railway-station, On reaching its destina- 
tion, the contents of the box were dispersed 
among friends and neighbors. The chil- 
dren of the station-master, who had played 
around the box, and every recipient of the in- 
fected clothing, were stricken with the fever. 
Again, the clothing of a soldier who had 
died of cholera was sent home to his friends. 
While the garments were “in the wash,” a 
man was eniployed on the roof of the cot- 
tage, repairing the thatch. He inhaled the 
poisonous fumes of the washing, and died 
of cholera. Scarlet fever cf a malignant 
type appeared in a family at Carlisle, and 
two of the children died. In this case, the 
carrier of the infection was a retriever-pup, 
which had been reared in a honse where 
searlatina was present. It is stated in a 
pamphlet by Dr, McCall Anderson, of Glas- 
gow, that a peculiar discase was introduced 
into a family in that town under the follow- 
ing circumstances: Some mice, caught in a 
trap, were scen to have on the head and 
front legs crusts of a sombre yellow tint, of 
circular form, and more or less elevated 
above the level of the neighboring healthy 
parts. A depression was noticed in the 
centre of cach crust, and the parts where 
these had fallen off were ulcerated, and the 
skin appeared to be destroyed throughout 
the whole thickness. These mice were 
given to a cat, which soon exhibited, above 
the eye, a crust similar to those on the 
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mice. Later still, two young children of 
the family who played with the cat were 
successively affected with the same disease, 
yellow crusts making their appearance on 
several parts of the body, on the shoulder, 
face, and thigh. Other instanees are cited 
hy Dr. Anderson, where mice, affected in 
the same way, had transmitted the disease 
to the human subject, both indirectly 
through cats, and directly through the mice 
themselves having been handled by chil- 
dren, 


Practical Edneation.n—A correspondent 
of the Monitcur Industriel Belge communi- 
cates to that journal a description of a 
school of practical instruction, situated in 
one of the suburbs of Paris. The writer 
exhibits to us a system of education in 
which the frture oecupations of the pupils 
are kept steadily in view, and where every 
step of progress in study marks an advance 
in real knowledge. <A few instauces will 
best show the method of instruction. Sup- 
pose a lesson in botauy is to be given, and 
that the special subject is some textile 
plant. The pupil sees, in the botanic gar- 
den attached to the school, a few stalks of 
hemp growing. The botanic characters of 
the plaut are explained to him; he is told 
how it grows, and what are the conditions 
favorable to its growth; then he is shown 
how it is treated in order to obtain the 
fibre, how the latter is spun, woven, ete. 
In giving instruction on minerals, a like 
course is followed. For instance, the sub- 
ject is iron-ore: various kinds of ore are 
exhibited; the processes are explained, 
by means of models and designs, of the 
reduction of iron and its manufacture. So 
in mechanies: models of machinery are 
shown and explained ; better still, the pu- 
pil is taken to the workshops where he sees 
various kinds of machines in operation. 
His understanding of things is tested by 
questions, and by being required to draw 
the objects he has been looking at, and to 
explain their working. Topography and 
geography are taught in the same common- 
sense way, the pupil being led to map out 
an ever-widening area. Tle begins with the 
plan of the school, then gives its relative 
' position in the commune, in the cauton, in 
| the arrondissement, and so on, The great 
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principle of instruction in this school is 
“to make knowledge concrete, practical.” 


Revivals and Religious Insanity.—In a 
paper by G. H. Savage, M.D., of the Bethlehem 
Ilospital for the Insane, London, on “ Reli- 
gious Jusanity and Religious Revivals,” the 
lists of cases admitted to the hospital dur- 
ing the four months April to August, in the 
three years 1875, 1874, and 1873, are eom- 
pared. The result dees not show any in- 
erease of insanity traceable to the reeent 
religious excitement in England, Indeed, 
the author sees no reason for regarding reli- 
gious insanity as a peculiar, well-defined spe- 
cies of mental disease. According to him, 
it is simply an aeeident of education, tem- 
peramcnt, or sex, whether certain subjective 
feclings develop themselves into a morbid 
religious idea, or into an illusion of being 
perseented and annoyed by others. “ Many 
persons,” he adds, “verging on insanity— 
in faet, in the melancholy stage of the dis- 
ease—seek religious consolation, and, not- 
withstanding this, go mad; they would 
probably have gone mad in any ease, and 
the most that ean be said against the ser- 
vice ts thatit precipitated the attaek.” But 
to return to the figures. In 1875, from 
April to August, there were adinitted to 
Bethlehem 42 male patients, and of these 9 
suffered from religious insanity. During the 
same time 55 women were admitted, of 
whom 8 had religious delusions, That was 
21.4 per cent. of the meu, and 14.5 percent. 
of the women, During 1874, in the same 
period, 80 male admissions gave 6 religious 
eases, and +7 female cases gave 16—that is, 
16.6 and 84 per cent. respectively. In 1873, 
28 wale admissions gave 4 religious cases, 
or 14.2 per cent.; 28 female admissions 
gave 8 religious eases, or 28.4 per cent. 


NOTES. 


We have received from Prof. W. 8. 
Barnard the following correetion of a state- 
ment in his article on “ Opossums and 
their Young,” published in the December 
Moxtnty: “In your Deeember number I 
stated that the delivery of young opossums 
liad never been witnessed. To the contrary 
see observations of Mr. J. G. Shute, in the 
©Pioceedings of the Essex Institute,’ vol. 
iii, page 288, to whieh my attenticn has 
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body until the sexual orifice is opposite the 
pouch, which opens by muscular econtrac- 
tion to receive the young, without any as- 
sistance from the paws or lips.” 


Tne largest telescope ever yet attempted 
is now in eourse of construction in Dublin 
by Mr. Grubb, It is intended for the new 
Observatory of Vienna, The objeet-glass 
will have an aperture of over twenty-six 
inches, and the focal length is to be about 
thirty-two fvet. 


Ix the American Journal of Science and 
Arts for November Prof. Marsh has a short 
illustrated paper deseribing the remains of 
several fossil birds obtained trom the Creta- 
ecous of Kansas, and possessing teeth. 


We learn from the Scientific American 
that the exeavations at Hell-Gate were com. 
pleted about the end of July. The work 
now in progress consists in the boring of 
holes for the eharges of nitro-glyeerine. 
This was to have been completed before the 
end of the year 1875, and then two or three 
months more would be occupied in inserting 
the charges, 


A ccriovs race of sheep, living on an 
island in Englishman's Bay, coast of Maine, 
are deseribed in Forest and Stream. They 
are nearly as wild as deer. Their principal 
winter food is sea-weed, chiefly dulse ; they 
also eat the branehes of nearly all the trees 
which grow on the island. 


In very early times the pme appears to 
have been the prineipal forest-tree ot Den- 
mark, At present the becch occupies this 
position, and the pine is no longer indige- 
nous in the eountry, Next after the beech 
comes the bireh, then the alder, the aspen, 
the hazel, ete. An examination of the vege- 
table débris of the bogs of Denmark shows 
that the pine was followed immediately bv 
the sessile-fruited variety of the oak, and 
this in turn by the beech. 


In illustration of the influenee of nutri- 
tion on the habits of plants, Mr. Meehan, 
of Philadelphia, cites the ease of two species 
of Euphorbia, which, though usually pros- 
trate, he found assuming an erect growth 
when their nutrition was interfered with by 
a small fungoid parasite. A similar fact 
was observed in connection with the eom- 
mon purslane, one of the most prostrate of 
all procumbent plants, which, under similar 
couditions, also beeame creet. 


Dr. Nicotas yon Koyxory finds in the 
train of meteors the spectrum-lines of so- 
dium, magnesium, carbon, strontium, and 
possibly lithium, while the nueleus invariably 
gives a continuous speetrum, in which the 
yellow, the green, or the red predominates, 
according to the color, blue being very rare, 


just been called. The female curves her : and violet never seen, 
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Ar the trial of the 81-ton gun, at Wool- 
wich Arsenal, a 1,250-pound ball was fired 
with a charge of 170 pounds of powder. 
This shot penetrated 45 feet of sand, and 
the recoil of the gun was 23} feet. <A sec- 
ond shot was fired with a charge of 190 
pounds, The penetration-distance was now 
over 50 feet, and the recoil 32 feet. It is 
intended gradually to increase the charge to 
300 pounds. 


A Srate Archwological Association has 
been formed in Ohio to promote investiga- 
tion of the mounds and earthworks of the 
State, to collect facts, descriptions, relics, 
and other evidences of the prehistoric races, 
and to awaken an interest in the general 
subject of archwology. The libiary and 
cabinet of the Association will be established 
in the State-House, at Columbus, provided 
the State furnish suitable accotnmodations 
free of cost. The meetings will be held an- 
nually in the various cities of Obio, and a 
yearly bulletin will be published. The first 
annual mecting will be held at Newark, 
Licking County, on Tuesday, September 4, 
1876. 


A quarter of a million of young salmon, 
according to a writer in Forest and Stream, 
have been placed in the Truckee River, 
which flows into Lake Tahoe, Nevada, and 
they are dving well. 


A very of nickel has been discovered in 
New Caledonia, extending across the entire 
island, from east to west. There are also 
in New Caledonia copper-mines of great 
richness. The gold-mines, of which much 
was expected a few years ago, have so far 
yielded insignificant results. 


Tux death-rate of some English towns 
is very high. Thus, while the death-rate 
for England and Wales generally is 22.2 per 
1,000, in Bristol it is 26.9, in Leeds, 28.7, 
in Manchester, 32.1, and in Liverpool, 35.9. 
Of children under five years of age, 39 
per 1,000 die annually in country districts, 
while in towns the ratio is 103 per 1,000, 


A comission has been appointed by the 
British Government, to investigate the sub- 
ject of the spontaneous combustion of coal 
on shipboard. Persons having any facts on 
the subject of the spontaneous combustion 
of coal, under any circumstances, are re- 
quested to communicate the same to HL. 8. 
Poole, Charlottetown, Nova Scotia, Inspec- 
tor of Mines. 


Microscopie examination of the musen- 
lar tissue of a wild-boar lately shot in the 
forests of Saxony showed it to be full of 
trichine, This is the first case in which 
this parasite has been found in the wild- 
boar, it having been the general belief that 
only domesticated swine were affected, 
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By substituting atomized water or spray 
for steam in sulphuric-acid manufacture, 
Sprengel not only effects a saving of fucl, 
but also saves 64 per ceut. of pyrites and 
15 per cent. of nitre. 


AN adequate punishment for those hu- 
man brutes who vent their despicable pas- 
sions In murderous assaults on women and 
children is suggested by the authors of 
“The Unseen Universe.” “It is probable,” 
they write, ‘that, before many years have 
passed, electricity will be called upon by 
an enlightened legislature to produce abso- 
lutely indescribable torture, thrilling through 
every fibre of such miscreants.” 


A process for brightening iron is de- 
scribed as follows in a German periodical: 
The articles to be brightened are, when 
taken from the forge, placed in dilute sul- 
phurie acid (1 to 20), and then washed with 
water and dried with sawdust. They are 
then dipped for a second or so in nitrous 
acid, washed carefully, and rubbed clean, 
Iron thus treated acquires a bright surface, 
having a white glance. 


Tuey are trying to introduce humble- 
bees into New Zealand, for the purpose of 
aiding in the fertilization of the common 
clover, This office the common bee is un- 
able to discharge, its proboscis being too 
short to reach down to the pollen of the 
flower. 


A University, to be founded at Tomsk, 
Siberia, by the Russian Government, will at 
first consist of only two Faculties, law and 
medicine. Siberia at present is very ill 
supplied with doctors, there being only 55 
for a population of 6,000,000, inhabiting a 
territory as large as all Europe. 


Hormany’s process for preparing vanilla 
from the wood of the pine has been pat- 
ented, and will be generally applied in pa- 
per-mills which use wood-pulp for the pur- 
poses of their manufacture. 


Ir is stated in the Lancet that female 
medical missionaries are now laboring very 
successfully in various parts of India. The 
Maharajah of Vezianagram has engaged an 
American lady to open a dispensary for 
women at Benares, and Sir Salar Jung has 
done the same thing in Ilyderabad. 


Bara bricks are made from the deposits 
of the river Parrett, at Bridgewater, Som- 
ersetshire. Nowhere else 1s a similar de- 
posit found, so that Bridgewater supplies 
the world. The annual import into the 
United States is about 240,000 bricks. 


Tue State of Minnesota produced last 
year 28,000,000 bushels of wheat, 15,000,- 
000 of oats, and 12,000,000 of Indian-corn, 
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THE WARFARE OF SCIENCE. 


By ANDREW D. WHITE, LL. D., 
PRESIDENT OF CORNELL UNIVERSITY. 


I 
PURPOSE to present an outline of the great, sacred struggle for 
- the liberty of science—a struggle which has lasted for so many 
centuries, and whieh yet continnes. A hard contest it has been; a 
war waged longer, with battles fiercer, with sieges more persistent, 
with strategy more shrewd than in any of the comparatively petty 
warfares of Crsar or Napoleon or Moltke. 

T shall ask you to go with me through some of the most protract- 
ed sieges, and over some of the hardest-fought battle-fields of this 
war. We will look well at the combatants; we will listen to the bat- 
tle-cries ; we will note the strategy of leaders, the cut and thrust of 
champions, the weight of missiles, the temper of weapons. 

My thesis, which, by an historical stndy of this warfare, I expeet 
to develop, is the following: Zn all modern history, interference with 
science in the supposed interest of religion, no matter how conscien- 
tious such interference may have been, has resulted in the direst evils 
both to religion and to science, and invariably, And, on the other 
hand, all untrammeted scientific investigation, no matter how dan- 
gerous to religion some of its stages may have seemed, for the time, 
to be, has invariably resulted in the highest good of religion and of 
selence. I say “invariably.” T mean exactly that. Tt is a rule to 
which history shows not one exeeption 

Tt would seem, logically, that this statement cannot be gainsaid. 
God’s traths must agree, whether discovered by looking within upon 
the soul, or without upon the world. A truth written upon the hu- 
man heart to-day, in its full play of emotions or passions, cannot be 

In its earlier form tbis address was given as a Phi Beta Kappa oration at Brown 
University, and as a lecture at New York, Boston, New Haven, Ann Arbor, and clse- 
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at any real variance even with a truth written upon a fossil whose 
poor life ebbed forth millions of years ago, 

This being so, it would also scem a truth irrefragable, that the 
search of cach of these kinds of truth must be followed out on its 
own lines, by its own methods, to its own results, without any inter- 
ference from investigators on other lines, or by other methcds, And 
it would also scem logical to work on in absolate confidence that 
whatever, at any moment, may seem to be the relative positions of 
the two different bands of workers, they must at last come together, 
for Truth is one, 

But logie is not history. History is full of interferenees which 
have cost the earth dear. Strangest of all, some of the direst of them 
have been made by the best of men, actuated by the purest motives, 
and seeking the noblest results. These interferences, and the struggle 
aganist them, make up the warfare of science. 

One statement more, to elear the ground. You will not under- 
stand me at all to say that religion has done nothing for science. It 
has done mueh for it. The work of Christianity, despite the clamps 
which men have riveted abont it, has been mighty indeed, Through 
these two thousand years, it has undermined servitude, mitigated 
tyranny, given hope to the hopeless, comfort to the afflicted, light to 
the blind, bread to the starving, joy to the dying, and this work con- 
tinues. And its work for science, too, has been great. It has fos- 
tered science often, Nay, it has nourished that feeling of self-sacrifice 
for human good, which has nerved some ef the bravest men for these 
battles, 

Unfortunately, some good men started centuries ago with the idea 
that purely scientific investigation is unsafe—that theology must in- 
tervene. So began this great modern war. 

The first typieal battle-field to which I would refer is that of Ge- 
ography—the simplest clementary doctriue of the earth’s shape and 
surface, 

Among the legacies of thought left by the ancient world to the 
modern, were certain ideas of the rotundity of the earth. These ideas 
were vague; they were mixed with absurditics; but they were germ 
ideas, and, after the barbarian storm which ushered in the modern 
world had begun to clear away, these germ ideas began to bud and 
bloom in the minds of a few thinking men, and these men hazarded 
the suggestion that the earth is ronnd—is a globe.’ 

The greatest and most earnest men of the time took fright at once. 
To them, the idea of the earth’s rotundity seemed fraught with dan- 

1 Most fruitful among these were those given by Plato in the “Timeus.” Sve, also, 
Grote on Plato's doctrine of the rotundity of the earth, Also Sir G. C. Lewis’s “ Astron- 
omy of the Ancients,” London, 1862, chap. iii, see. i. and note. Cicero’s mention of 
the antipodes and reference to the passage in the “Timzus ” are even more remarkable 


than the original, in that they much more clearly foreshadow the modern doctrine, See 
“ Academie Questions,” ii, xxix. Also, “ Tusc. Quest.,” i., xxviii, and v., xxiv. 
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gers to Seripture: by which, of course, they meant their interpretation 
of Seripture. 

Among the first who took up arms against the new thinkers was 
Eusebins. Ie endeavored to turn off these ideas by bringing science 
into contempt. Te endeavored to make the innovators understand 
that he and the fathers of the Church despised all such inquiries, 
Speaking of the innovations in physical seienee, he said: “It is not 
through ignorance of the things admired by them, but through con- 
tempt of their useless labor, that we think little of these matters, turn- 
ing our souls to better things.” 

Lactantius asserted the ideas of those studying astronomy to be 
“mad and senseless.” ” 

But the attempt to “flank” the little phalanx of thinkers did not 
suceced, of course. Even such men as Laetantius and Ensebins ean- 
not pooh-pooh down a new scientific idea, The little band of thinkers 
went on, and the doctrine of the rotundity of the earth naturally led 
to the consideration of the tenants of the earth’s surface, and another 
germ idea was * warmed into life—the idea of the existence of the an- 
tipodes, the idea of the existence of countries and men on the hemi- 
sphere opposite to ours. 

At this the war spirit waxed hot. Those great and good men de- 
termined to fight. To all of them such doctrines seemed dangerous; 
to most of them they seemed damnable. St. Basil and St. Ambrose‘ 
were tolerant enough to allow that a man might be saved who believed 
the earth to be round, and inhabited on its opposite sides; but the 
great majority of the Fathers of the Church utterly denied the possi- 
bility of salvation to such misbelievers, 

Lactantius asks “. . . Is there any one so senseless as to believe 
that there are men whose footsteps are higher than their heads ?—that 
the crops and trees grow downward ?—that the rains and snow and 


' See Eusebius, “ Prep. Ev.,” xv., 61. 

* See Lactantius, “Inst.,” L, iii, chap, 3. Also, citations in Whewell, “ Hist. Induct. 
Sciences,” Lond., 1857, vol. i, p. 194. To understand the embarrassment thus caused 
to scientific men at a later period, see “Letter of Agricola to Joachimus Vadianus ” in 
1514, Agricola asks Vadianus to give his views regarding the antipodes, saying that he 
himself does not know what to do, between the Fathers on one side and learned men of 
modern times on the other. On the other hand, for the embarrassment caused to the 
Church by this mistaken zeal of the Fathers, see Kepler's references and Fromund’s re- 
plies; also De Morgan, “ Paradoxes,” p. 58. Kepler appears to have taken great delight 
in throwing the views of Lactantius into the tecth of his adversaries. 

3“ Another germ idea,” ete. Sce Plato, “ Timeus,” 62 C., Jowett’s translation, N. 
Y. cd. Also “Phido,” pp. 449, tf seg. Also Cicero, “ Academic Quest.,” and “Tuse. 
Disput.,” wbi supra, For citations and summaries, see Whewell, “ list, Induct, Seiences,” 
vol. i., p. 189, and St. Martin, “Hist. dela Géog.,” Paris, 1873, p. 96. Also Leopardi, 
“Saggio sopra gli errori popolari degli antichi,” Firenze, 1851, chap. xii., p. 184, et seq. 

4 For opinion of Basil, Ambrose and others, see Lecky, “ Hist. of Rationalism in Ku. 
rope,” New York, 1872, vol. i., p. 279, note. Also Letronne, in Revue des Deux Mondes, 
March, 18384. 
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hail fall upward toward the earth? ... But if you inquire from 
those who defend these marvelous fictions, why all things do not fall 
into that lower part of the heaven, they reply that such is the nature 
of things, that heavy bodies are borne toward the middle, like the 
spokes of a wheel; while light bodies, sneh as clouds, smoke, and fire, 
tend from the centre toward the heavens on all sides. Now, Iam at 
loss what to say of those who, when they have once erred, steadily 
persevere in their folly, and defend one vain thing by another.” 

Augustine seems inclined to yield a little in regard to the rotun- 
dity of the earth, but he fights the idea that men exist on the other 
side of the earth, saying that “Scripture speaks of no such descendants 
of Adam.” 

But this did not avail to cheek the idea. What may be ealled the 
flank movement, as represented by Eusebius, had failed, The direet 
battle given by Lactantius, Augustine, and others, had failed. In the 
sixth century, therefore, the opponents of the new ideas built a great 
fortress and retired into that. It was well built and well braced. It 
was nothing less than a complete theory of the world, based upon the 
literal interpretation of texts of Seripture, and its author was Cosmas 
Indicopleustes.' 

According to Cosmas, the earth is a parallelogram, flat, and sur- 
rounded by four great seas, At the outer edges of these seas rise 
immense walls closing in the whole structure. These walls support 
the vault of the heavens, whose edges are cemented to the walls; 
walls and vault shut in the earth and all the heavenly bodies. The 
whole of this theologie, scientific fortress was built most carefully, and, 
as was then thought, most scripturally. 

Starting with the expression, To dytoy Koojuxdy, appled in the 
ninth chapter of Hebrews to the tabernaele in the desert, he insists, 
with other interpreters of his time, that it gives a key to the whole 
construction of the world. The universe is, therefore, made on the 
plan of the Jewish Tabernacle—box-like and oblong. 

Coming to details, he quotes those grand words of Isaiah,’ “It is 
he that sitteth upon the circle of the earth, ... that stretcheth out 
the heavens like a curtain, and spreadeth them ont ke a tent to dwell 
in,” and the passage in Job,? which speaks of the “ pillars of heaven,” 
He turns all that splendid and precious poetry into a prosaic state- 
ment, and gathers therefrom, as he thinks, treasures for scienee. 

This vast box is then divided into two compartments, one above 
the other. In the first of these, men live and stars move; and it ex- 


* For Lactantius, see “ Instit.,” jii., 24, translation in Ante-Nicene Library ; also, cita- 
tions in Whewell, i., 196, and in St. Martin, “ Histoire de la Géographie,” pp. 216, 217. 
For St. Augustine’s opinion, see the “Civ. D.,” xvi., 9, where this great Father of the 
Church shows that the existenee of the antipodes “nulla ratione credendum est.” Also, 
citations in Buckle’s “ Posthumous Works,” vol. ii, p. 645. 

2 Jsaiah x). 22. 3 Job xxvi. 11. 
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tends up to the first solid vault or firmament, where live the angels, 
a main part of whose business it is to push and pull the sun and plan- 
ets to and fro, Next he takes the text, “Let there be a firmament in 
the midst of the waters, and let it divide the waters from the waters,” 
and other texts from Genesis." To these he adds the texts from the 
Psalms, “Praise him ye heaven of heavens, and ye waters that be 
above the heavens,’? casts that outburst of poetry into his crucible 
with the other texts, and, after subjecting them to sundry peenliar pro- 
cesses, brings out the theory that over this first vanlt is a vast cistern 
containing the waters. He then takes the expression in Genesis 
regarding the “windows of heaven,” * and establishes a doctrine 
regarding the regulation of the rain, which is afterward supplemented 
by the doctrine that the angels not only push and pull the heavenly 
bodies, to light the earth, but also uvpen and close the windows of 
heaven to water it. 

To find the character of the surface of the earth, Cosmas studies 
the table of shew-bread in the Tabernacle, The dimensions of that 
table prove to him that the earth is flat and twice as long as broad. 
The four corners of the table symbolize the four seasons. 

To account for the movement of the sun, Cosmas suggests that at 
the north of the earth is a great mountain, and that, at night, the sun is 
earried behind this. But some of the commentators ventured to ex- 
press a doubt here. They thought that the sun was pushed into a 
great pit at night, and was pulled ont in the morning. 

Nothing can be more touching in its simplicity than Cosmas’s 
closing of his great argument, He bursts forth in raptures, declaring 
that Moses, the prophets, evangelists, and apostles, agree tu the truth 
of his doctrine.* 

Such was the fortress built against human science in the sixth cen- 
tury, by Cosmas; and it stood. The innovators attacked it in vain. 
The greatest minds in the Church devoted themselves to buttressing 
it with new texts, and throwing out new outworks of theologic rea- 
soning. It stood firm for two hundred years, when a bishop—Vir- 
gilius of Salzburg—asserts his belief in the existence of the antipodes, 

T¢ happened that there then stood in Germany, in the first years 
of the eighth century, one of the greatest and noblest of men—St. 
Boniface. Lis learning was of the best then known; in labors he was 
a worthy successor to the apostles; his genius for Christian work made 


1 Genesis i. 6. 2 Psalm exlviii. 4, 3 Genesis vii. 11. 

4 See Montfaucon, “Collectio Nova Patrum,” Paris, 1706, vol. ii, p. 188; also, pp. 
298, 209, The text is illustrated with engravings showing walls and solid vault (firma- 
ment), with the whole apparatus of “ fountains of the great deep,” “ windows of heaven,” 
angels, and the mountain behind whieh the sun is drawn. For an imperfeet reduction 
of one of them, see article “ Maps,” in Knight's “ Dictionary of Mechanies,” New York, 
1875. For still another theory, very droll, and thougbt out on similar principles, see 
Mungo Park, cited in De Morgan, “ Paradoxes,” 309, For Cosmas's joyful summing 
up, see Montfaueon, ‘“ Collectio Nova Patrum,” vol. ii., p. 255. 
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him, unwillingly, Primate of Germany; his devotion afterward led 
him, willingly, to martyrdom, There sat, too, at that time, on the 
papal throne, a great Christian statesman—Pope Zachary. Boniface 
iminediately declares against the revival of such a terrible heresy as 
the existence of the antipodes. He declares that it amounts to the 
declaration that there are men on the earth beyond the reach of the 
means of salvation; he attacks Virgilins; he calls on Zachary for 
aid; effective measures are taken, and we hear no more of Virgilius 
or his doctrine. 

Six hundred years pass away, and in the fourteenth century two 
men publicly assert the doctrine. The first of these, Peter of Abano, 
escapes punishment by natural death; the second, known as Cecco 
d’Ascoli, a man of seventy years, is burned alive. Nor was that all 
the punishment: that great painter, Oreagna, whose terrible works 
you may sce on the walls of the Campo Santo at Pisa, immortalized 
Ceeco by representing him in the flames of hell.’ 

Still the idea lived and moved, and a hundred years later we find 
the theologian Tostatus protesting against the doetrine of the an- 
tipodes as “nnsafe.” Ile has invented a new missile—the folowing 
syllogism: “The apostles were commanded to go into all the world, 
and to preach the gospel to every creature. They did not go to any 
such part of the world as the antipodes, they did not preach to any 
creatures there: ergo, no antipodes exist.” This is just before the time 
of Columbus. 

Columbus is the next warrior, The world has heard of his bat- 
tles: how the Bishop of Centa worsted him in Portugal; how at the 
Junta of Salamanca the theologians overwhelmed him with quota- 
tions from the Psalms, from St. Paul, and from St. Angustine.? 

But in 1519 Science gains a crushing victory. Magalhacns makes 
his famons voyages. Ile has proved the earth to be round ; for his 
great expedition has cireumnavigated it. Ie proves the doctrine of 
the antipodes, for he sees the men of the antipodes.? Bunt even this 

Virgil of Salzburg. See Neander’s ‘“ Wistory of the Christian Church,” Torrey’s 
translation, vol. iii., p. 63. Since Bayle, there has been much loose writing about Vir- 
giPs case. See Whewell, p. 197; but for best choice of authorities and most careful 
winnowing out of conclusions, see De Morgan, pp. 24-26. For very full notes as to pagan 
and Christian advocates of doctrine of rotundity of the earth and of antipodes, and for 
extract from Zachary’s letter, see Migne, “ Patrologia,” vol. vi., p. 426, and vol. ali, p. 
487, For Peter of Abano, or Apono, as he is often called, see Tiraboschi; also Ginguene, 
vol. ii., p. 293. Also Naudé, “ Histoire des grands hommes aceusés de Magic.” For Cecco 
d@Aseoli, sce Montucla, “ Iistoire des Mathématiques,” i., 528; also, Daunou, “ Etudes 
Yistoriques,” vol, vi., p. 820. Concerning Orcagna’s representation of Cecco in flames 
of hell, see Renan, “ Averroés et PAverroisme,” Paris, 18647, p. 328. 

2 For Columbus before the Junta of Salamanca, see Irving’s ‘‘ Columbus,” Murray’s, 
edition, vol. ii., pp. 405-410. Figuier, “Savants dn Moyen Age,” ete., vol. ti, p. 394, c 
seg, Also Humboldt, “ Histoire de la Géographie du Nouveau Continent.” 

3 Vor effect of Magalhaens’s voyages, and the reluctance to yield to proof, see Henri 
Martin, ‘ ITistoire de France,” vol. xiv., p. 395; St. Martin's “Tlistoire de la Géog.,” 
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does not end the war. Many carnest and good men oppose the doc- 
trine for two hundred years longer. Then the French astronomers 
make their measurements of degrees in equatorial and polar regions 
and add to other proofs that of the lengthened pendulam. When 
this was done, when the deductions of science were seen to be estab- 
lished by the simple test of measurement, beautifully, perfectly, then 
and then only this war of twelve centuries ended.’ 

And now what was the result of this war?) The efforts of Eusebius 
and Lactantins to deaden scientific thought; the efforts of Augustine 
to combat it; the efforts of Cosmas to stop it by dogmatism ; the 
efforts of Boniface, and Zachary, and others to stop it by force, con- 
scientious as they all were, had resulted in what? Simply in forcing 
into many noble minds this most unfortunate conviction, that Science 
and Religion are enemies; simply in driving away from religion hosts 
of the best men in all those centuries. The result was wholly bad. 
No optimism can change that verdict. 

On the other hand, what was gained by the warriors of science 
for religion? Simply, a far more ennobling conception of the world, 
and a far truer conception of Him who made and who sustains it. 

Which is the more consistent with a great, true religion—the 
cosmography of Cosmas, or that of Isaac Newton? Which presents 
the nobler food for religious thought—the diatribes of Lactantins, or 
the astronomical discourses of Thomas Chalmers ? 

The next great battle was fought on a question relating to the 
position of the earth umong the heavenly bodies. On one side, the 
great body of conscientious religions men planted themselves firmly 
on the geocentric dectrine—the doctrine that the earth is the centre, 
and that the sun and planets revolve about it. The doctrine was old, 
and of the highest respectability.? The very name, Ptolemaic theory, 
carried weight. It had been claborated until it accounted well for 
the phenomena. Exact textual interpreters of Scripture cherished it, 
for it agreed with the letter of the sacred text. 

Still the germs of the heliocentrie theory * had been planted long 
before, and well planted; it had seemed ready even to bloom forth 
p. 369; Peschiel, ‘ Gesebichte des Zeitalters der Entdeekungen,” coneluding chapters ; 
and for an admirable summary, Draper, ‘ Hist. Int. Dev. of Europe,” pp. 451-453. 

'For general statement as to supplementary proof by measurement of degrees, and 
by pendulum, see Somerville, “Phys. Geog.,” ehapter i, $ 6, note. Also Humboldt, 
“Cosmos,” vol. ii, p. 736, and v., pp. 16, 32. Also, Montucla, tv., 138. 

? “ Respectability of Geocentric Theory, Plato’s Authority for it,” ete., see Grote's 
“Plato,” vol. iij., p. 257. Also, Sir G. C. Lewis, “ Astronomy of the Ancients,” chap. 1., 
sec. i., for a very thoughtful statement of Plato’s view, and differing from ancient 
statements. For plausible elaboration of it, see Fromundus, “ Anti-Aristarehus,’ Ant- 
werp, 1631. Also Melanehthon “ Initia Doetrinw Physic.” 

5 For supposed agreement of Seripture with Ptolemaic theory, see Fromundus, passim, 
Melanchthon, and a host of other writers. 


4¥or “ Germs of Heliocentrie Theory planted long before,” etc., see Sir G. C. Lewis ; 


also, Draper, ‘‘ Intellectual Development of Europe,” p. 512. For germs among thinkers 
x 
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from the mind of Cardinal de Cusa; but the chill of dogmatism was 
still over the earth, and up to the beginning of the sixteenth century 
there had come to this great truth neither bloom nor fruitage.? 

Quietly, however, the soil was receiving enrichment, and the air 
warmth. ‘ke processes of mathematics were constantly improved, 
the heavenly bodies were steadily though silently observed, and at 
length appeared, afar off from the centres of thought, on the borders 
of Poland, a plain, simple-minded scholar, who first {airly uttered to 
the world the truth, now so commonplace, then so astounding, that 
the sun and planets do not revolve about the carth, but that the 
earth and planets revolve about the sun, and that man was Nicholas 
Kopernik.? 

Kopernik had been a professor at Rome, but, as this truth grew 
within him, he seemed to feel that at Rome he was no longer safe.’ 


of India, see Whewell, vol. i, p. 277. Also, Whitney, ‘ Oriental and Linguistic Studies,” 
New York, 1874. “Essay on the Lunar Zodiae,” p. 845. 

1 For general statement of De Cusa’s work, see Draper, “Intellectual Development of 
Europe,” p. 512. For skillful use of De Cusa’s view in order to mitigate censure upon 
the Church for its treatment of Copernieus’s diseovery, see an article in the Catholic 
World, for January, 1869, For a very exaet statement, in a spirit of judicial fairness, 
see Whewell, “Ilistory of the Inductive Seienees,” p. 275 and pp. 379, 880. In the lat- 
ter, Whewell cites the exact words of De Cusa in the “De Docta Ignorantia,” and sums 
up in these words: “ This train of thought might be a preparation for the reeeption of 
the Copernican system; but it is very different from the doctrine that the sun is the 
centre of the planetary system.” In the previous passage, Whewell says that De Cusa 
“propounded the doctrine of the motion of the earth, more, however, as a paradox than 
as a reality. We eannot consider this as any distinet anticipation of a profound and 
consistent view of the truth.” 

? For improvement of mathematical proeesses, see Draper, “ Intellectual Development 
of Europe,” 618. In looking at this and other admirable summaries, one feels that Prof. 
Tyndall was not altogether right in lamenting, in his farewell address at New York, that 
Dr. Draper has devoted so much of his time to historieal studies. 

3 Copernicus’s danger at Rome. The Catholie World for January, 1869, eites a recent 
speeeh of the Arehbishop of Mechlin before the University of Louvain, to the effect that 
Copernieus defended his theory, at Rome, in 1500, before two thousand scholars ; also, 
that another professortaught the system in 1528, and was made Apostolic Notary by 
Clement VIII. All this, even if the doetrines taught were identical with those of Coper- 
nieus, as finally developed, which idea Whewell seems utterly to disprove, avails nothing 
against the overwhelming testimony that Copernieus felt himself in danger—testimony 
which the after-history of the Copernican theory renders invincible. The very title of 
Fromundus’s book, already cited, published within a few miles of the arehbishop’s own 
cathedral, and sanctioned expressly by the theologieal Faculty of that same University 
of Louvain in 1630, utterly refutes the archbishop’s idea that the Chureh was inclined 
to treat Copernicus kindly. The title is as follows: 

“ Anti-Aristarelus [| Sive | Orbis-Terree | Immobilis | In quo deeretum 8. Congre- 
gationis 8. R. E. | Cardinalium | I9C. XVI adversus Pytha | gorico-Copernicanos editum 
defenditur | Antwerpia MDCXXXI.” 

I’Epinois, “ Gatilée,” Paris, 1867, lays stress, p. 14, on the broaehing of the doc- 
trine by De Cusa, in 1435, and by Widmanstadt, in 1533, and their kind treatment by 
Eugenius IV. and Clement VII., but this is absolutely worthless in denying the papal 
policy afterward. Lange, “Geschichte des Materialismus,” vol. i., pp. 217, 218, while 
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To publish this thought was dangerous indeed, and for more than 
thirty years it lay slumbering in the minds of Kopernik and the friends 
to whom he had privately intrusted it. 

At last he prepares his great work on the “ Revolution of the Heay- 
enly Bodies,” and dedicates it to the pope himself. Tle uext seeks a 
place of publication, He dares not send it to Rome, for there are the 
rulers of the older Church ready to seize it. Ile dares not send it to 
Wittenberg, for there are the leaders of Protestantism no less hostile, 
Ie therefore intrusts it to Osiander, of Nuremberg.’ 

But, at the last moment, the courage of Osiander failed him. He 
dared not launeh the new thought boldly. He wmtes a groveling 
preface ; endeavors to excuse Kopernik for his novel idea. Ile inserts 
the apologetic lie that Kopernik propounds the doctrine of the move- 
ment of the earth, not as a fuct, but as an hypothesis. We declares that 
it is lawful for an astronomer to indulge his dragination, and that this 
is what Kopernik has done. 

Thus was the greatest and most ennobling, perhaps, of scientific 
truths—a truth not less cnnobling to religion than to science—foreed, 
in coming into the world, to sneak and erawl.? 

On the 24th of May, 1543, the newly-printed book first arrived at 
the house of Kopernik. It was put into his hands; but he was on his 
death-bed. A few hours later he was beyond the reach of those mis- 
taken, conscientious men, whose consciences would have blotted his 
repntation, and perhaps have destroyed his life. 

Yet not wholly beyond their reach. Even death could not be 
trusted to shield him. There seems to have been fear of vengeance 
upon his corpse, for on his tombstone was placed no record of his 
life-long Iabors, no mention of his great discovery. There were 
graven upon it affecting words, which may be thus simply trans- 


admitting that De Cusa and Widmanstadt sustained this idea and received honors from 
their respective popes, shows that, when the Church gave it serious consideration, it was 
condemned, There is nothing in this view unreasonable. It would be a parallel case to 
that of Leo X., at first inclined toward Luther and the others, in their “squabbles with 
the begging friars,” and afterward forced to oppose them. 

?For dangers at Wittenberg, sce Lange, “ Geschichte des Materialismus,” vol. i., 
p. 217. 

* Osiander, in a letter to Copernicus, dated April 20, 1541, had endeavored to reeon- 
cile him to such a procedure, and ends by saying, “ Sie enim placidiores reddideris peripa- 
theticos et theologos quos contradicturos metuis.” See Apologia Tychonis in ‘ Kepleri 
Opera Omnia,” Frisch’s edition, vol. i., p. 246. Kepler holds Osiander entirely respon- 
sible for this preface. Bertrand, in his “ Fondatenrs de PAstronomie Moderne,” gives its 
text, and thinks it possible that Copernicus may have yielded “in pure condescension 
toward his disciple.” But this idea is utterly at variance with expressions in Coperni- 
cus’s own dedicatory letter to the pope, which follows the preface. Fora good sum- 
mary of the argument, see Figuicr, “ Savants de la Renaissance,” pp. 378, 379. See also, 
citation from Gassendi’s life of Copernicus, in Flammarion, ‘“ Vie de Copernic,” p. 124. 
Mr. John Fiske, accurate as he usually is, in his recent “ Outlines of Cosmic Philosophy,” 
appears to have fallen into the error of supposing that Copernicus, and not Osiander, is 
responsible for the preface. 


° 
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lated: “I ask not the grace accorded to Paul, not that given to 
Peter; give me only the favor which thou didst show to the thief on 
the cross.” Not till thirty years after did a friend dare write on his 
tombstone a memorial of his discovery.’ 

The book was taken in hand at once by the proper authorities. It 
was solemnly condemned: to read it was to risk damnation; and the 
world aceepted the decree.’ 

Doubtless many will at once exelaim against the Roman Catholic 
Church for this, Justice compels me to say that the founders of Prot- 
estantism were no less zealous against the new scientific doctrine. 
Said Martin Luther: “People gave ear to an upstart astrologer, who 
strove to show that the earth revolves, not the heavens or the firma- 
ment, the sun and the moon, Whoever wishes to appear clever must 
devise some new system which of all systems is, of course, the very 
best. This fool wishes to reverse the entire setence of astronomy. 
But Sacred Seripture tells us that Joshua commanded the sun to stand 
still, and not the earth.” 

Melanchthon, mild as he was, was not behind Luther in condemning 
Kopernik. In his treatise, “Initia Doctrine Physice,” he says: 
“The eyes are witnesses that the heavens revolve in the space of 
twenty-four hours. But certain men, either from the love of novelty, 
or to make a display of ingenuity, have coneluded that the earth 
moves; and they maintain that neither the eighth sphere nor the sun 
revolves... . Now, it is a want of honesty and decency to assert 
such notions publicly, and the example is pernicious. It is the part 
of a good mind to accept the truth as revealed by God, and to acqui- 
esee in it.” Melanchthon then cites passages from the Psalms and 
from Ecelesiastes which he deelares assert positively and clearly that 
the earth stands fast, and that the sum moves aronnd it, and adds 
eight other proofs of his proposition that “the earth can be nowhere, 
if not in the centre of the universe.” ° 

1 Figuier, ‘“Savants de la Renaissance,” p. 880. Also, Flammarion, “ Vie de Coper- 
nic,” p. 190, 

2 The “proper authorities” in this case were the “ Congregation of the Index,” or 
cardinals having eharge of the “Index Librorum Prohibitorum.” Recent desperate at- 
tempts to fasten the responsibility on them as individuals seem ridiculous in view of the 
simple fact that their work is sanctioned by the highest Chureh authority, and reqnired 
to be universally accepted by the Chureh, Three of four editions of the “ Index” in my 
own possession declare on their title-pages that they are issued by order of the pontiff of 
the period, and each is prefaced by a special papal bull or letter. See specially Index 
of 1664, issued under order of Alexander VIL, and that of 1761, under Benedict XIV. 
Coperniens’s work was prohibited in the Index ‘‘ donee corrigatur.” Kepler said that it 
ought to be worded “ donee explicetur.” See Bertrand, ‘‘ Fondatenrs de )Astronomie 
Moderne,” p. 57, De Morgan, pp. 57-60, gives the covreetions required by the Index 
of 1620. Their main aim seems to be to reduce Coperniens to the grovcling level of 
Osiander, making of his diseovery a mere hypothesis; but oeeasionally they require a 
virtual giving up of the whole Copernican doctrine, e. g., “correction” insisted upon for 
cap. 8, p. 6. 

§ See Luther’s Table Talk.” Also, Melanchthon’s “Initia Doctrine Physiex.” This 
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And Protestant people are not a whit behind Catholic im follow- 
ing out these teachings. The people of Elbing made themselves 
merry over a faree in which Kopernik was the main objeet of ridicule. 
The people of Nuremberg, a great Protestant centre, caused a medal to 
be struck, with inscriptions ridiculing the philosopher and his theory.’ 

Then was tried one piece of strategy very common formerly in 
battles between theologians themselves. It consists in loud shoutings 
that the doctrine attacked is old, outworn, and already refuted—that 
various distinguished gentlemen have proved it false—that it is not a 
living truth, but a detected lie—that, if the world listens to it, that is 
simply beeanse the world is ignorant. his strategy was brought to 
bear on Copernicus, It was shown that his doctrine was simply a re- 
vival of the Pythagorean notion, whieh had been thoroughly exploded. 
Fromunduas, in his title-page and throughout his book, delights in re-. 
ferring to the doctrine of the revolution of the planets around the 
sun, as “that Pythagorean notion.” This mode of warfare was tni- 
tated by the lesser opponents, and produced, for some time, consider- 
able effect.’ 

But the new truth could neither be langhed down nor forced down. 
Many minds had received it; only one tongue dared utter it. This 
new warrior was that strange mortal, Giordano Bruno, He was 
hunted from land to land, until, at last, he turns on his pursuers 
with fearful invectives. For this he is imprisoned six years, then 
burned alive and his ashes scattered to the winds. Stil the new 
truth lived on; it conld not be killed. Within ten years after the 
martyrdom of Bruno,® after a world of tronbles and perseentions, the 


treatise is cited by the Catholic World, September, 1870. The correct title is as given 
above. It will be found in the “Corpus Reformatorum,” ed, Bretschneider: Malle, 
1846. (For the above passage see vol. xiii., pp. 216, 217.) Also, Lange,‘ Geschielite des 
Materialismus,” vol. i., p. 217, Also, Prowe, “ Ueber die Abhiingigkeit des Copernicus,” 
Thorn, 1865, p. 4. Also, note, pp. 5 and 6, where text is given in full. 

1 For treatment of Copernican ideas by the people, see Catholic World, as above. 
Fromundus, cited above, heads his sixth chapter as follows, “Seriptura Sacra Oppugnat 
Copernicanos,” and cites from the Psalms the passage speaking of the sun which ‘‘ cometh 
forth as a bridegroom from his chamber;” and also from Eeclesiastes, ‘Terra in Aeter- 
num Stat.” “ Anti-Aristarchus,” p. 29, Some of his titles also show his style in philo- 
sophieal argument, e. g., “The wind would constantly blow from the east ; we should, with 
great difficulty, hear sounds against such a wind” (chapter xi.); “ Buildings, and the 
earth itself, would fly off with such a rapid motion” (chapter x.) For another of Fro- 
mundus’s arguments, showing, both from theology and mathematics (with suitablyanixed 
theology), that the earth must be in the centre of the universe, see Quetelet, “ Histoire 
des Sciences Mathématiques et Physiques,” p. 170, Bruxelles, 1864. 

2 See title-page of Fromundus’s work cited in note at bottom of p. 392; also, Me- 
lanchthon, wdi supra. 

3 See Bartholmes, “ Vie de Jordano Bruno,” Paris, 1846, vol. i., pp. 121 and pp. 212, 
et seq. Also Berti, “ Vita di Giordano Bruno,” Firenze, 1868, chapter xvi. Also Whe- 
well, i., 294, 295. That Whewell is somewhat hasty in attributing Bruno’s punishment 
entirely to the “Spaccio della Bestia Trionfinte ” will be evident, in spite of Monteula, to 
any one who reads the account of the persecution in Bartholmés or Berti; and, even if 
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truth of the doctrine of Kopernik was established by the telescope 
of Galileo 

Werein was fultilled one of the most touching of prophecies. 
Years before, the enemies of Kopernik had said to him, “If your doc- 
trines were true, Venus would show phases like the moon.” Koper- 
nik answered: “ You are right. I know not what to say; but God is 
good, and will in time find an answer to this objection.”*? The God- 
given answer came when the rude telescope of Galileo showed the 
phases of Venus. 

On this new champion, Galileo, the attack was tremendous. The 
supporters of what was called “sound learning” declared his discov- 
eries deceptions, and his announcements blasphemy. Semi-scientitic 
professors, endeavoring to curry favor with the Church, attacked him 
with sham science; earnest preachers attacked him with perverted 
Scripture !° 

The principal weapons m the combat are worth examining. They 
are very easily examined, You may pick them up on any of the bat- 
tle-fields of science; but on that field they were used with more effect 
than on almost any other. These weapons are two epithets: “ Infi- 
del” and “ Atheist.” 

The battle-fields of science are thickly strewn with these. They 
have been used against almost every man who has ever done any- 
thing new for his fellow-men. The list of those who have been de- 
nounced as infidel and atheist includes almost all great men of science 
—general scholars, inventors, philanthropists. The deepest Christian 
life, the most noble Christian character have not availed to shield com- 
batants, Christians like Isaac Newton and Paseal and John Locke and 
John Milton, and even Woward and Fénelon, have had these weapons 
hurled against them. Of all proofs of the existence of a God, those 
of Descartes have been wrought most theroughly into the minds of 
modern men; and yet the Protestant theologians of Holland sought 
to bring him to torture and to death by the charge of atheism.‘ 


Whevwell be right, the “ Spaccio” would never have been written, but for Bruno’s indig- 
nation at ecclesiastical oppression. Sve Tiraboschi, vol. xi., p. 435. 

1 Delambre, “Histoire de FAstronomie moderne,” discours préliminaire, p. xiv. 
Also Laplace, ‘“Systéme du Monde,” vol, i, p. 826, and, for more careful statement, 
“ Kepleri Opera Omnia,” edit. Frisch, tom, ii, p. 464. 

? Cantu, ‘‘ Histoire Universelle,” vol. xv., p 473. 

* A very curious example of this sham science is seen in the argument, frequently 
used at the time, that, if the earth really moved, a stone falling from a height would fall 
back of the point immediately below its point of starting. This is used by Fromundus 
with great effect. It appears never to have oecurred to him to test the matter by drop- 
ping a stone from the topmast of a ship. But the most beautiful thing of all is that 
Benzenburg has experimentally demonstrated just such an aberration in falling bodies as 
is mathematically required by the diurnal motion of the earth. See Jevons, “Principles 
of Science,” vol. i., p. 458, and ii., pp. 810, 311. 

4¥For curious exeniplification of the way in which these weapons have been hurled, 
see lists of persons charged with “infidelity ” and “atheism,” in ‘Le Dictionnaire des 
Athées.” Paris, An. viii. Also Lecky, “ History of Rationalism,” vol. ii, p. 50. 
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These can hardly be classed with civilized weapons. They are 
burning arrows. They set fire to great masses of popular prejudices ; 
smoke rises to obscure the real questions, fire bursts forth at times to 
destroy the attacked party. They are poisoned weapons, They go 
to the hearts of loving women, they alienate dear children, They 
injure the man after life is ended, for they leave poisoned wounds in 
the hearts of those who loved him best—tears for his eternal happi- 
ness—dread of the divine displeasure. 

Of course, in these days, these weapons, though often effective in 
disturbing good men, and in searing good women, are somewhat 
blunted. Indeed, they not unfrequently injure assailants more than 
assailed; so it was not in the days of Galileo. These weapons were 
then in all their sharpness and venom. 

The first champion who appears against him is Bellarmin, one of 
the greatest of theologians, aud one of the poorest of scientists. Ie 
was earnest, sincere, learned, but made the fearful mistake for the 
world, of applying to science, direct, literal interpretation of Scripture.’ 

The weapons which men of Bellarmin’s stamp used were theologi- 
eal, They held up before the world the dreadful consequences which 
must result to Christian theology were the doctrine to prevail that 
the heavenly bodies revolve about the sun, and not about the earth. 
Their most tremendous theologic engine against Galileo was the idea 
that his pretended discovery vitiated the whole Christian plan of sal- 
vation. Father Le Gazrée declared that it “cast suspicion on the 
doctrine of the Incarnation.” Others declared that it “upset the 
whole basis of theology; that if the earth is a planet, and one among 
several planets, it cannot be that any such great things have been 
done especially for it, as the Christian doctrine teaches. If there are 
other planets, siuee God makes nothing in vain, they must be inhab- 
ited; but how ean these inhabitants be descended from Adam? Ilow 
can they trace back their origin to Noah’s ark? How can they have 
been redeemed by the Saviour??? 

Nor was this argument confined to the theologians of the Roman 
Church ; Melanchthon, Protestant as he was, had already used it in 
his attacks upon the ideas of Copernicus and his school.° 

Tn addition to this prodigious engine of war, there was kept up a 
terrific fire of smaller artillery in the shape of texts and seriptural 
extracts. Some samples of these weapons may be interesting. 

When Galileo had discovered the four satellites of Jupiter,’ the 


? For Bellarmin’s view see Quinet, “Jesuits,” vol, ii, p. 189. For other objectors and 
objections, see Libri,“ Histoire des Sciences Mathématiques en Italie,” vol. iv., pp. 233, 
234; also, “Private Life of Galileo,” compiled from his correspondence and that of his 
eldest daughter, Boston, 1870 (an excellent little book). 

2 Sce Trouessart, cited in Flammarion, “Mondes Imaginaires et Réels,” sixi¢me édi- 
tion, pp. 315, 316. 

3 “Thitia Doetrine Physice,” pp. 220, 2291. 

4 See Delambre as to the discovery of the satellites of Jupiter being the turning-point 
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whole thing was denounced as impossible and impious. It was ar- 
gued that the Bible clearly showed by all applicable types, that there 
could be only seven planets; that this was proved by the seven gold- 
en candlesticks of the Apocalypse, by the seven-branched candlestick 
of the Tabernacle, and by the seven churches of Asia.’ 

In a letter to his friend Renieri, Galileo gives a sketeh of the deal- 
ings of the Inquisition with him. He says: ‘The Father Commissary, 
Laneio, was zealous to have me make amends for the scandal I had 
caused in sustaining the idea of the movement of the earth. To all 
my mathematical and other reasons he responded nothing but the 
words of Seripture, ‘ Terra autene in ceternum stat.” ? 

It was declared that the doctrine was proved false by the standing 
still of the sun for Joshua; by the declarations that “the foundations 
of the earth are fixed so firm that they cannot be moved,” and that 
the sun “runneth about from one end of heaven to the other.” ® 

The Dominican father, Caccini, preached a sermon from the text, 
“Ye men of Galilee, why stand ye gazing up into heaven?” and this 
wretched pun was the first of a series of sharper weapons, for before 
Caccini finishes he insists that “geometry is of the devil,” and that 
“ mathematicians should be banished as the authors of all heresies.” 4 

For the final assault, the park of heavy artillery was at last wheeled 
into place. You see it on all the scientific battle-fields. It consists 
of general denunciation, and Father Melehior Inchofer, of the Jesuits, 
brought his artillery to bear well on Galileo with this declaration: 
that the opinion of the earth’s motion is, of all heresies, the most 
abominable, the most pernicious, the most scandalous; that the immo- 
bility of the earth is thrice sacred; that argument against the immor- 
tality of the soul, the Creator, the incarnation, ete., should be tolerated 
sooner than an argument to prove that the earth moves.° 

In vain did Galileo try to prove the existence of satellites by show- 
ing them to the doubters through his telescope. They either declared 
it impious to look, or, if they did see them, denounced them as illu- 
sions from the deyil. Good Father Clavius declared that “to see 
satellites of Jupiter, men had to make an instrument which would 
create them.” ° 
with the heliocentric doetrine. As to its effects on Bacon, sce Jevons, “ Principles of 
Science,” vol. ii., p. 298. 

1 For argument drawn from the candlestick and seven churches, see Delambre. 

° For Galileo’s letter to Renieri, see Cantu, “ Hist. Universelle,” Paris, 1855, xv., p. 
477, note. 

3 Cantu, “Histoire Universelle,” vol. xv., p. 478. 

4 For Caccini’s attack, see Delambre, “ Hist. de Astron.,”’ dise. prélim., p. xxii., also 
Libri, “ Hist. des Sciences Math.,” vol. iv., p. 232. 

5 See Inchofer’s “Tractatus Sylepticus,” cited in Galileo's letter to Deodati, July 28, 
16384. 

® Lidri, vol. iv., p. 211. De Morgan, ‘ Paradoxes,” p. 26, for account of Father 
Clavius. It is interesting to know that Clavius, in his last years, acknowledged that 
“the whole system of the heavens is broken down, and must be mended.” 
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In vain did Galileo try to protect himself by his famous letter to 
the duchess, in which he insisted that theological reasoning should not 
be applied to science, The rest of the story the world knows by 
heart; none of the recent attempts have succeeded in inystifying it. 
The whole world will remember forever how Galileo was subjected 
certainly to indignity and imprisonment equivalent to physical tor- 
ture;’ how he was at last forced to pronounee publicly, and on his 
knees, his recantation as follows: “J, Galileo, being in my seventieth 
year, being a prisoner and on my knees, and before your eminences, 
having before my eyes the Holy Gospel, which I touch with my hands, 
abjure, curse, and detest, the error and heresy of the movement of 
the earth.” ? 

Ile was vanquished indeed, for he had been forced, in the face of 
all coming ages, to perjure himself. His books were condemned, his 
friends not allowed to erect 2 monument over his bones. To all ap- 
pearance his work was overthrown. 

Do not understand me here as casting blame on the Roman Chureh 
assuch, It must, in fairness, be said that some of its best men tried 
to stop this great mistake; even the pope himself would have been 
glad to stop it; but the current was too strong.’ The whole of the 
eivilized world was at fault, Protestant as well as Catholic, and not 
any particular part of it. It was not the fault of religion, it was the 
fault of the short-sighted views which narrow-minded, loud-vyoiced 
men are ever prone to mix in with religion, and to insist és re- 
ligion.* 

Were there time, I would refer at length to some of the modern 
mystifications of the history of Galileo. One of the latest seems to 
have for its groundwork the theory that Galileo was condemned for a 
breach of good taste and etiquette, But those who make this defense 
make the matter infinitely worse for those who committed the great 


‘Tt is not probable that torture in the ordinary sense was administered to Galileo. 
See Th, Martin, “ Vie de Galilée,” for a fuir summing up of the case. 

? For text of the abjuration, see “ Private Life of Galileo,” Appendix. As to the 
time when the deeree of condemnation was repealed, various authorities differ. Artaud, 
p. 307, cited in an apologetic article in Dublin Review, September, 1865, says that Gali- 
leo’s famous dialogue was published iu 1744, at Padua, entire, and with the usual appro- 
bations, The same article also declares that in 1818 the ecclesiastical deerees were re- 
pealed by Pius VIL, in full Consistory. Whewell says that Galileo’s writings, after some 
opposition, were expunged from the “Index Expurgatorius,” in 1818. Cantu, an au 
thority rather favorable to the Chureh, says that Copernicus’s work remained on the 
“Index” as late as 1885, Cantu, “ Histoire Universelle,” vol., xv., p. 483. 

3 For Baronius’s remark see De Morgan, p. 26. Also Whewell, vol. i., p. 394. 

4 For an exceedingly striking starement, by a Roman Catholic historian of genius, as 
to popular demand for persecution, and the pressure of the lower strata, in ceelesiastical 
organizations, for crucl measures, sce Balmés, “Le Protestantisme comparé au Catholi- 
eisme,” ete., 4th ed., Paris, 1855, vol. ii, Archbishop Spaulding has something of the 
same sort in his Miscellanies, L’Epinois, “ Galilée,” p. 22, ef seg., stretches this as far as 
possible, to save the reputation of the Church in the Galileo matter. 


400 THE POPULAR SCIENCE MONTHLY. 


wrong. They deprive it of its only palliation, mistaken conscienti- 
ousness.’ 

Nor was this the worst loss to the earth. 

There was then in Europe one of the greatest thinkers ever given 
to mankind. Mistaken though many of his theories were, they were 
fruitful in truths. The man was Réné Deseartes. The setentifie war- 
riors had stirred new life in him, and he was working over and sum- 
ming up in his mighty mind all the researches of his time. The re- 
sult must make an epoch in the history of man. Jis aim was to com- 
bine all knowledge and thought into a “Treatise on the World.” His 
earnestness he proved by the eleven years which he gave to the study 
of anatomy alone. Petty perseeution he had met often, but the fate 
of Galileo robbed him of all hope, of allenergy. The battle seemed 
lost. Ile gave up his great plan forever.’ 

But champions pressed on. Campanella, full of vagaries as he 
was, wrote his “Apologia pro Galileo,” thongh for that and other 
heresies, religious and political, he seven times underwent torture.® 

And Kepler comes, Ie leads science on to greater victories, He 
throws ont the minor errors of Kopernik. Ue thinks and speaks as 


1 See Dublin Review, as above. Whewell, vol. i, 393. Citation from Marini: “ Gali- 
leo was punished for trifling with the authorities to which he refused to submit, and was 
punished for obstinate contumacy, not heresy.” The sufficient answer to all this is that 
the words of the inflexible sentence designating the condemned books are: “ Libri omnes 
qui afirmant telluris motum.” See Bertrand, p. 59. It has also been urged that “ Gali- 
leo was punished not for his opinion, but for basing it on Seripture.” The answer to this 
may be found in the Roman Index of 1704, in which are noted for condemnation “ Libri 
omnes docentes mobilitatem terre et inmobilitatenm solis.’ For the way in which, when 
it was found convenient in argument, Chureh apologists insisted that it was “the Su- 
preme Chief of the Church, by a pontifical decree, and not certain cardinals,” who eon- 
demned Galileo and his doctrine, see Father Gazrée’s letter to Gassendi in Flammarion, 
‘“Pluralité des Mondes,” p. 427. For the way in whieh, when necessary, Chureh apolo- 
gists asserted the very contrary of this, deelaring that “it was issued in a doetrinal decree 
of the Congregation of the Index, and not as the Holy Father's teaching,” sce Dublin Re- 
view, September, 1865. And for the most astounding attempt of all, to take the blame off 
the shoulders of both pope and cardinals, and place it upon the Almighty, see the following 
words of the article above cited; “But it may well be doubted whether the Church did 
retard the progress of scientific truth, What retarded it was the circumstance that God 
has thought fit to express many texts of Seripture in words which have every appearance 
of denying the earth’s motion, But it is God who did this, not the Church; and, more- 
over, since be thought fit so to act as to retard the progress of scientific truth, it would be 
little to her diseredit even if it were true that she had followed his example,”—Dublin 
Review, September, 1865, p. 419. For the best summary of the various attempts, and 
for replies to them in a spirit of judicial fairness, see Th. Martin, “ Vie de Galilée.” This 
is probably the best book ever written on the Galileo question, The bibliography at the 
close is very valuable. 

2 Humboldt, “ Cosmos,” London, 1851, vol. iii, p. 21. Also Lange, “Geschichte des 
Materialismus,” vol. i., p. 222, where the letters of Descartes are given, showing his de- 
spair, and the giving up of bis best thoughts and works to preserve peace with the Chureb. 
Also Jolly, “ Hist. du Mouvement Intellectuel au XVIF Siécle,” vol. i., p. 890. 

3 Libri, pp. 149, et seg. 
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one inspired. His battle is severe. He is sometimes abused, some- 
times ridieuled, sometimes imprisoned. Protestants in Styria and at 
Tubingen, Catholics at Rome press upon him,’ but Newton, Tuyghens 
and the other great leaders follow, and to science remains the victory. 

And yet the war did not wholly end. During the seventeenth cen- 
tury, in all France, no one dared openly teach the Copernican theory, 
and Cassini, the great astronomer, never declared it.” In 1672, Father 
Riecioli, a Jesnit, declared that there were precisely forty-nine argu- 
ments for the Copernican theory and seventy-seven against it ; so that 
there remained twenty-eight reasons for preferring the orthodox 
theory... Toward the end of the seventeenth century also, even Bos- 
snet, the “eagle of Meaux,” among the loftiest of religious thinkers, 
declared for the Ptolemaic theory as the Seriptural theory,* and in 
1746 Boscovich, the great mathematician of the Jesuits, used these 
words: ‘As for me, full of respect for the Holy Seriptures and the 
decree of the Holy Inquisition, I regard the earth as immovable ; 
nevertheless, for simplicity in explanation, I will argue as if the earth 
moves, for it is proved that of the two hypotheses the appearances 
favor that idea.” * 

The Protestantism of England was no better. In 1772 sailed the 
famous English expedition for scientific discovery under Cook. The 
greatest by far of all the scientific authorities chosen to accompany it 
was Dr. Priestley. Sir Joseph Banks had especially invited him; but 
the clergy of Oxtord and Cambridge intervened. Priestley was con- 
sidered unsound in his views of the Trinity ; it was declared that this 
would yitiate his astronomical observations ; he was rejected and the 
expedition crippled.® 

Nor has the opposition failed even in our own time. On the 5th 
of May, 1826, a great multitude assembled at Thorn to celebrate the 
three hundredth anniversary of Kopernik, and to unveil Thorwaldsen’s 
statue of him. 

Kopernik had lived a pious, Christian life. He was weli known 

1 Fromundus, speaking of Kepler's explanation, says: ‘‘ Vix teneo ebullientem risum.”’ 
it is almost equal to the New York Church Journal, speaking of John Stuart Mill as 
“‘that small sciolist,” and of the preface to Dr. Draper’s recent work as “ chipperiug.” 
Tlow a journal generally so fair in its treatment of such subjects can condescend to use 
sueh weapons is one of the wonders of modern journalism. For Protestant persecution of 
Kepler, see vol. i, p. 392. 

2 For Cassini's position, see Henri Martin, “ Hist. de France,” vol. xiii, p. 175. 

* Daunou, ‘‘ Etudes Iistoriques,” vol. ii., p. 439. 

+ Bossuet, see Bertrand, p. 41. 

° Boscovich, This was in 1746, but in 1785 Boscovich seemed to feel his position in 
view of history, and apologized abjectly. Bertrand, pp. 60, 61. See also. Whewell’s 
notice of Le Sueur and Jacquier’s introduction to their edition of Newton’s “ Principia.” 
For the most reeent proofs of the Copernican theory, by discoveries of Bunsen, Bischoff, 
Benzenburg, and others, see Jevons, “ Principles of Science.” 

§ See Weld, ‘Ilistory of the Royal Society,” vol. ii, p. 56, for the facts and the ad- 
mirable letter of Priestley upon this rejection. 
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for unostentatious Christian charity. With his religious belief no 
fault had ever been found. He was a canon of the church of Frauen- 
berg, and over his grave bad been written the most touching of Chris- 
tian epitaphs, 

Naturally, then, the people expected a religious service, All was 
understood to be arranged for it. The procession marched to the 
church and waited. The hour passed, no priest appeared; none could 
be induced to appear, Nopernik, simple, charitable, pious, one of the 
noblest gifts of God to the service of religion as well as science, was 
still held to be a reprobate. Seven years atter that, his book was still 
standing on the “ Index of Books prohibited to Christians.” ! 

Nor has this warfare against dead champions of science been car- 
ried on only by the older Church. 

On the 10th of May, 1859, was buried Alexander von Humboldt. 
Ilis Jabors were among the greatest glories of the century, and his 
funeral one of the most imposing that Berlin had ever seen: among 
those who honored themselves by their presence was the prince re- 
gent—the present emperor. Lut of the clergy it was observed that 
none were present save the officiating clergyman and a few regarded 
as unorthodox.’ 

Nor have attempts to renew the battle been wanting in these lat- 
ter days. The attempt in the Church of England, in 1864, to fetter 
Science—which was brought to ridicule by Herschel, Bowring, and 
De Morgan; the Lutheran assemblage at Berlin, in 1868, to protest 
against “science falsely so called,” in the midst of which stood Pas- 
tor Knak denouncing the Copernican theory; the “Syllabus,” the 
greatest mistake of the Roman Church, are all examples of this.* 

And now, what has been won by either party in this long and ter- 
rible war? The party which would subordinate the methods and aims 
of science to those of theology, though in general obedient to deep 
convictions, had given to Christianity a series of the worst blows it 
had ever received. They had made large numbers of the best men in 
Europe hate it. Why did Ricetto and Bruno and Vanini, when the 
crucifix was presented to them in their hours of martyrdom, turn from 
that blessed image with loathing ?* Simply because Christianity had 
been made to them identical with the most horrible oppression of the 
mind. 

Worse than that, the well-meaning defenders of the faith had 


1 Bertrand, “ Fondateurs de lAstron. Mod.,” p. 61. Flammarion, ‘Vie de Coper- 
nic,” chap, ix. 

? Bruhns and Lassell, “ Life of Humboldt,” London, 1873, vol. ii., p. 411. 

3 For the very amusing details of the English attempt, and of the way in which it was 
met, see De Morgan, “ Paradoxes,” p. 42. For Pastor Knak and his associates, sce Re- 
vue des Deux Mondes, 1868. 

4 For a striking account, gathered from eye-witnesses, of this frightful scene at the 
execution of Bruno, see letter of Scioppius in appendix to vol. iv. of Libri, “ Hist. des 
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wrought into the very fibre of the European heart that most unfor- 
tunate of all ideas, the idea that there is a necessary antagonism be- 
tween science and religion. Like the Iandsman who lashes himself to 
the anchor of the sinking ship, they had attached the great funda- 
mental doctrines of Christianity, by the strongest cords of logie whieh 
they could spin, to these mistaken ideas in science, and the advance 
of knowledge had wellnigh engulfed them. 

On the other hand, what had science done for religion? Simply 
this: Kopernik, escaping persecution only by death; Giordano Bruno, 
burned alive as a monster of impiety; Galileo, imprisoned aid humili- 
ated as the worst of misbelievers ; Kepler, hunted alike by Protestant 
and Catholic, had given to religion great new foundatious, great new, 
ennobling conceptions, a great new revelation of the might of God. 

Under the old system we have that princely astronomer, Alfonso 
of Castile, seeing the poverty of the Ptolemaic system, yet knowing 
no other, startling Europe with the blasphemy that if he had been 
present at creation he could have suggested a better ordering of the 
heavenly bodies. Under the new system you have Kepler, filled with 
a religious spirit, exclaiming, “I do think the thoughts of God.’? 
The difference in religious spirit between these two men marks the 
conquest made in this, even by science, for religion. But we cannot 
leave the subject of astronomy without noticing the most recent war- 
fare, Especially interesting is it becanse at one period the battle 
seemed utterly lost, and then was won beautifully, thoroughly, by a 
legitimate advance in scientific knowledge. Ispeak of the Nebular 
Hypothesis. 

The sacred writings of the Jews which we have inherited speak 
clearly of the creation of the heavenly bodies by direct intervention, 
and for the convenience of the carth. This was the view of the 
Fathers of the Church, and was transmitted through the great doctors 
in theology. 

More than that, it was crystallized in art. So have I seen, over 
the portal of the Cathedral of Freiburg, a representation of the Al- 
mighty making and placing numbers of wafer-like suns, moons, and 
stars; and at the centre of all, platter-like and largest of all, the 
earth.” The lines on the Creator’s face show that he is obliged to 
contrive; the lines of his muscles show that he is obliged to toil. 
Naturally, then, did sculptors and painters of the medieval and early 
modern period represent the Almighty as weary after labor, and en- 
joying dignified repose. 

These ideas, more or less gross in their accompaniments, passed 
into the popular creed of the modern period. 


1 As a pendant to this ejaculation of Kepler may be cited those wondrous words of 
Linneus: “ Deum omnipotentem a tergo transeuntem vidi et obstupui.” 

° For papal bulls representing the earth as a flat disk, see Daunou, “ Etudes Histo- 
riques,” vol. ii, p. 421, 
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But about the close of the last century, Bruno having guessed the 
fundamental fact of the nebular hypothesis, and Kant having reasoned 
out its foundation idea, Laplace developed it, showing the reason for 
supposing that our own solar system, in its sun, planets, satellites, 
with their varions motions, distances, and magnitudes, is a natural 
result of the diminishing beat of a nebulous mass—a result obeying 
natural laws. 

There was an outery at once against the ‘atheism ” of the scheme. 
The war raged fiercely. Laplace claimed that there were in the heav- 
ens many nebulous patches yet in the gaseous form, and pointed them 
out. Tle showed by laws of physics and mathematical demonstration 
that his hypothesis aceounted in a most striking manner for the great 
body of facts, and, despite clamor, was gaining ground, when the 
improved telescopes resolved some of the patches of nebulous matter 
into multitudes of stars. 

The opponents of the nebular hypothesis were overjoyed. They 
sang pmans to astronomy, because, as they said, it had proved the 
truth of Scripture. 

They had jumped to the conclusion that all nebulee must be alike— 
that if some are made up of systems of stars all must be so made up; 
that none can be masses of attenuated gaseous matter, because some 
are not. 

Science, for a time, halted. The accepted doetrine became this— 
that the only reason why all the nebula are not, resolved into distinet 
stars is, beeause our telescopes are not sufficiently powerful. 

But in time came that wonderful discovery of the spectroseope 
and spectrum analysis, and this was supplemented by Fraunhofer’s 
discovery that the spectrum of an ignited gaseous body is discontinu- 
ous, with interrupting lines; and this, in 1846, by Draper’s discovery 
that the spectrum of an ignited solid is continuons, with no interrupt- 
ing lines. And now the spectroscope was turned upon the nebule 
and about one-third of them were found to be gaseous. 

Again the nebular hypothesis comes forth stronger thanever. The 
beautifnl experiment of Plateau on the rotation of a fluid globe comes 
in to strengthen if not to contirm it. But what was likely to be lost 
in this? Simply a poor conception of the universe. What to be 
gained? A far more worthy idea of that vast power which works in 
the universe, in all things by law, and in none by eaprice.’ 


' For Bruno’s conjecture (in 1591), see Jevons, vol. ii, p. 299. For Kant’s part in 
the nebular hypothesis, see Lange, ‘ Geschichte des Materialismus,” vol. i., p. 266. For 
value of Plateau’s beautiful experiment very cautiously estimated, see W. Stanley Jevons, 
“ Principles of Science,” London, 1874, vol. ii., p. 86. Also Elisée Réclus, “The Earth,” 
translated by Woodward, vol. i., pp. 14-18, for an estimate still more careful. For a 
general account of discoveries of nature of nebulx by spectroscope, see Draper, * Conflict 
between Religion and Science.’ Fora careful discussion regarding the spectra of solid, 
liquid, and gascous bodies, see Schellen, “ Spectrum Analysis,” pp. 100, e¢ seg. For a very 
thorongh discussion of the bearings of discoveries made by spectrum analysis upon the 
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The great series of baitles to which I next turn with you were 
fought on those fields oceupied by such sciences as chemistry and 
natural philosophy. 

Even before those sciences were out of their childhood, while yet 
they were tottering mainly toward childish objects and by childish 
steps, the champions of that same old niistaken conception of rigid 
scriptural interpretation began the war. The catalogue of chemists 
and physicists persecuted or thwarted would fill volumes; from them 
I will select just three as representative men. 

First of these I take Albert of Bollstadt, better known in the 
middle ages as Albert the Great. In the thirteenth century he stands 
forth as the greatest scholar in Germany. Fettered though he was 
by the absurd methods of his time, led astray as he was by the scho- 
lastic spirit, he has conceived ideas of better methods and aims. Iis 
eye pierces the mists of scholasticism, he sees the light aud draws 
the world toward it. He stands among the great pioneers of modern 
physical and natural science. He gives foundations to botany and 
chemistry, and Humboldt finds in his works the germ of the compre- 
hensive science of physical geography." 

The conscience of the time, acting as it supposed in defense of re- 
ligion, brought out a missile which it hurled with deadly effeet. Yon 
see those medieval scientific battle-fields strewn with such: it was 
the charge of sorcery, of unlawful compact with the devil. 

This missile was effective. You find it used against every great 
investigator of Nature in those times and for centuries after. The 
list of great men charged with magic, as given by Nande, is astound- 
ing. It includes every man of real mark, and the most thoughtful 
of the popes, Sylvester II. (Gerbert), stands in the midst of them. 
It seemed to be the received idea that, as soon as a man conceived a 
love to study the works of God, his first step must be a league with 
the devil.’ 

This missile was hurled against Albert. THe was coudemned by 
the great founder of the Dominican order himself. But more terrible 
weapons than this missile were added to it, to make it effective. 
Many an obseure chemist paid a terrible penalty for wishing to be 
wiser than his time; but I pass to the greater martyrs. 

I name, next, Roger Bacon. His life and work seem until recent- 


nebular hypothesis, ibid., pp. 582-537. For a presentation of the difficulties yet unsolved, 
see article by Plummer, in London Popular Science Review for January, 1875. For exeel- 
lent short summary of recent observations and thought on this subject, sce T. Sterry 
Hunt, “ Address at the Priestley Centennial,” pp. 7, 8. Fer an interesting modification 
of this hypothesis, see Proctor’s recent writings. 

1“T] était aussi trés-habile dans les arts mécaniques, ce que le fit soupgonner d’étre 
sorcier.”—Sprengel, ‘ Ilistoire de la Médecine,” vol. ii., p. 889. 

? For the charge of magic against scholars and others, see Naudé, “ Apologie pour les 
grands hommes accusés de Magic,’ passim. Also, Maury, * Hist. de la Magie,” troisiéme 
édit., pp. 214, 215. Also Cuvier, ‘‘ Hist. des Sciences Naturelles,” vol. i., p. 396. 
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ly to bave been generally misunderstood, He has been ranked as a 
superstitions alchemist who stumbled upon seme inventions ; but 
more recent investigation has revealed lim to be one of the great 
masters in human progress. 

The advance of sound historical judgment seems likely to reverse 
the positions of the two who bear the name of Bacon, Baeou of the 
chaneellorship and the ‘ Novum Organon” scems to wane. Bacon of 
the prison-cel] and the “Opus Majus ” seems to grow brighter.’ 

Roger Bacon’s work, as it is now revealed to us, was wonderful, 
Ue wronght with power in philosophy and in all scieuces, and his 
knowledge was sound and exact. By him, more than by any other 
man of the middle ages, was the world put on the most fruitful paths 
ot science—the paths whieh have led to the most precious inventions. 
Clocks, lenses, burning speeula, telescopes, were given by him to the 
world, directly or indirectly. In his writings are found formule for 
extracting phosphorus, manganese, and bismuth. Tt is even claimed 
that he investigated the power of steam. He seems to have very 
nearly reached also some of the principal doctrines of modern chemis- 
try. His theory of mvestigation was even greater than these vast 
results, In an age when metaphysieal subtilizing was alone thought 
to give the title of scholar, he insisted on read reasoning and the aid 
of natural science by mathematics. In an age when experimenting 
was sure to cost a man his reputation and was likely to cost him his 
life, he insisted on experiment and braved all its risks, Few greater 
men have lived, As we read the sketch given by Whewell of Bacon’s 
process of reasoning regarding the refraction of light, he seems fairly 
inspired. 

On this man came the brunt of the battle. The most conscientious 
men of his time thought it their duty to fight him, and they did it too 
well. It was not that he disbelieved in Christianity, thaé was never 
charged against him. Wis orthodoxy was perfect. He was attacked 
and condemned, in the words of his opponents, “propter quasdam 
novitates suspectas.” 

He was attacked, first of all, with that goodly old missile, which, 
with the epithets “infidel” and “atheist,” has decided the fate of 
so many hattles—the charge of magic and compact with Satan. 

He defended himself with a most wafortunate weapon—a weapon 
whieh exploded in his hands and injured him more than the enemy, 
for he argued against the idea of compacts with Satan, and showed 
that much which is ascribed to demons results from natural means. 
This added fuel to the flame. To limit the power of Satan was 
deemed hardly Jess impious than to limit the power of God. 

The most powerfnl protectors availed him little. His friend Guy 


1 For a very contemptuous statement of Lord Bacon’s claim to his position as a phi- 
losopher, see Lange, “Geschichte des Matcrialismus,” Leipsic, 1874, vol. i, p. 219. See 
also Jevons, “ Principles of Science,” London, 1874, vol. ii, p. 298. 
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Foulkes having been made pope, Bacon was for a time shielded, but 
the fury of the enemy was too strong. In au unpublished letter, Black- 
stone declares that when, on one occasion, Bacon was about to per- 
form a few experiments for some fricuds, all Oxford was in an uprear, 
Tt was believed that Satan was let loose, Everywhere were priests, 
fellows, and students rushing about, their @arments streaming in the 
wind, and everywhere resounded the cry, “ Down with the conjurer !” 
and this ery “Down with the conjurer” resounded trom cell to cell 
and hall to hall.’ 

But the attack took a shape far more terrible. The two great 
religions orders, Franciscan and Dominiean, vied with each other in 
fighting the new thought in chemistry and philosophy, St. Domi- 
nic, smeere as he was, solemnly condemned researeh by experiment 
and observation. The general of the Francisean order took similar 


grounds, 

In 1243 the Dominicans solemnly interdieted every member of 
their order from the study of medicine and natural philosophy; and, 
in 1287, this interdiction was extended to the study of chemistry.’ 

Another weapon began to be used upon the battle-fields of that 
time with much effect. The Arabs had made noble discoveries in 
science. Averroes had, among many, divided the honors with St. 
Thomas Aquinas. hese facts gave the new missile. It was the epi- 
thet “ Mahometan.” This, too, was flung with effect at Bacon.? 

Bacon was at last conquered. He was imprisoned for fourteen 
years. At the age of eighty years he was released from prison, but 
death alone took him beyond the reach of his enemies, How deeply 
the struggle had racked his mind may be gathered from that last 
afflicting declaration of his: “ Would that I bad not given myself so 
much trouble for the love of science!” 

Sad is it to think of what this great man might have given to the 
world had the world not refused the gift. He held the key of treas- 
ures which would have freed mankind from ages of error and misery. 
With his discoveries as a basis, with lis method as a guide, what 
might not the world have gained! Nor was the wrong done to that 
age alone. It was done to this age also, The nineteenth century 
was robbed at the same time with the thirteenth. But for that inter- 

1 Whewell, vol. i, pp. 367, 868. Draper, p. 438. Saissct, “ Descartes et ses Précur- 
seurs,” deuxiéme édition, pp. 397, et seg. Nourrisson, “ Progrés de Ja pensée humaine,” pp. 
271, 272. Sprengel, “ Histoire de la Médecine,” Paris, 1865, vol. ii, p. 897. Cuvier, “ His- 
toire des Sciences Naturelles,” vol. i, p. 417. As to Bacon’s orthodoxy, see Saisset, pp. 
58, 55. For special examination of causes of Bacon’s condemnation, see Waddington, 
cited by Saisset, p. 14. On Bacon as a sorcerer, sce Featherstonangh’s article in North 
American Review. For a good cxample of the danger of denying full power of Satan, 
even in much more recent times, and in a Protestant country, see account of treatinent 
of Bekker’s “ Monde Enchanté” by the theologians of Holland, in Nisard, ‘ Histoire 
des Livres Populaires,” vol. i., pp. 172, 178. 

® Henri Martin, ‘‘ Hist. de France,” vol. iv., p. 283. 

3 On Bacon as a “ Mahometan,” sce Saisset, p. 17 
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ference with science, this nineteenth century would, without donbt, 
be enjoying discoveries which will net be reached before the twenti- 
eth century. Thousands of precious lives shall be lost in this een- 
tury, tens of thousands shall suffer discomfort, privation, sickness, 
poverty, tgnorance, for lack of discoveries and methods which, but 
for this mistaken religious fight against Bacon and his compceers, 
would now he blessing the earth, 

Tn 1868 and 1869, sixty thonsand children died in England and in 
Wales of scarlet fever; probably nearly as many dicd in this coun- 
try. Had not Bacon been hindered we should have had in our hands, 
by this time, the means to save two-thirds of these victims, and the 
same is true of typhoid, typhus, and that great class of discases of 
whose physical canses Science is just beginning to get an inkling, 
Put together all the efforts of all the atheists who have ever lived, and 
they have not done so much harm to Christianity and the world as 
has been done by the narrow-minded, conscientious men who perse- 
cuted Roger Bacon.* 

toger Bacon was vanquished. For ages the champions of science 
were crippled; but ihe “good fight” was carried on, The Church 
itself furnishes heroes of science. Antonio de Dominis relinquishes 
his archbishopric of Spalatro, investigates the phenomena of light, 
and dies in the clutches of the Inquisition.’ 

Pierre de la Ramée stands up against Aristotelianism at Paris. A 
royal edict, sought by the Church, stopped his teaching, and the mas- 
saere of St. Bartholomew ended his life. 

Somewhat later, John Baptist Porta began his investigations. 
Despite many absurdities, his work was most fruitful. Wis book on 
meteorology was the first in which sound ideas were broached. His 
researches in optics gave the world the camera obscura, and, possibly, 
the telescope. He encountered the same old policy of conscientious 
men. The society founded by him for physical research, “I Seereti,” 
was broken up, and he was summoned to Rome and censured.® 

In 1624, some young chemists of Paris having taught the experi- 
mental method, and cut loose from Aristotle, the Faculty of Theology 
besets the Parliament of Paris, and the Parliament prohibits this new 
chemical teaching under penalty of death.’ 

The war went on in Italy. In 1657 occurred the first sitting of 


1 Por proofs that the world is steadily working toward great diseoveries as to the 
cause and prevention of zymotie diseases and of their propagation, see Beale’s “‘ Disease 
Germs,” Baldwin Latham’s “Sanitary Engineering,” Miebel Lévy, ‘ Traité d’Hygiéne 
Publique et Privée,” Paris, 1869. And for very thorough summaries, see President Bar- 
nard’s paper read before Sanitary Congress in New York, 1874, and Dr, J. C. Dalton’s 
« Anniversary Diseourse, on the Origin and Propagation of Disease,” New York, 1874. 

2 Antonio de Dominis, see Montucla, ‘Hist, des Mathématiques,” vol. i, p. 705. 
Humboldt, “Cosmos.” Libri, vol. iv., pp. 145, ef seg. 

3 Sprengel, ‘“ Ilist. de la Médeeine, iii., p. 289. Also Musset-Parthay. 

4 Henri Martin, ‘Histoire de France,” vol. xii., pp. 14, 15. 
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the Aecademia del Cimento, at Florence, under the presidency of Prince 
Leopold dei Medici. This Academy promised great things for science. 
Tt was open to all talent. Its only fandamental law was ‘the repu- 
diation of any favorite system or sect of philosophy, and the obliga- 
tion to investigate Nature by the pure light of experiment.” 

The new Academy entered into scientific investigations with 
energy, Borelli in mathematics, Redi in natural history, and many 
others, pushed on the boundaries of knowledge. Ileat, light, mag- 
netism, electricity, projectiles, digestion, the incompressibility of 
water, were studied by the right method and with results that en- 
riched the world. 

The Academy was a fortress of science, and siege was soon laid to 
it. The votaries of scholastic learning denounced it as irreligions, 
Quarrels were fomented. Leopold was bribed with a cardinal’s hat 
and drawn away to Rome; and, ufter ten years of beleaguering, the 
fortress fell: Borelli was left a beggar; Oliva killed himself in de- 
spair.’ 

From the dismissal of the scientific professors from the University 
of Salamanca by Ferdinand VIL of Spain, in the beginning of this 
century, down to sundry dealings with scientific men in our own land 
and time, we see the same war continued. 

Joseph de Maistre, uttering his hatred of physical sciences, declar- 
ing that man has paid too dearly for them, asserting that they must 
be subjected to theology, likening them to fire—good when confined 
but fearful when seattered about—this brilliant thinker has been the 
centre of a great opposing camp in our own time—an army of good 
men who cannot relinquish the idea that the Bible is a text-book of 
selence. 


[To be continued.] 
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NATURAL WISTORY OF THE KANGAROO. 
By ST. GEORGE MIVART, F.R.S. 


HE kangaroos have now become familiar objects to all who visit, 
our Zodlogicail Gardens, or who are familiar with any consider- 

able zodlogical museum. 
Their general external form, when seen in the attitude they habitu- 
ally assume when grazing (with their front limbs touching the ground), 


? Napier, “Florentine IListory,” vol. v., p. 485, Tiraboschi, “Storia della Litera- 
tura.” llenri Martin, “IFistoire de France.” Jevons, “ Prineiples of Science,” vol. ii, 
pp. 36-40, Libri, in his “Essai sur Galilée,” p. 37, says that Oliva was summoned to 
Rome and so tortured by the Inquisition that, to escape further cruelty, he ended his 
life by throwing himself from a window. For closing, by churel authority, of the Aead- 
emy, “I Secreti,” instituted for scientific investigation at an earlier period, see reference 
to Porta in this article. On Porta, see Sprengel, ‘‘ Histoire de la Médecine,” vol. iii, 
7 239. 
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may have reealled to mind, inore or less, the appearance presented by 
some hornless deer. Their clief mode of locomotion (that jumping 
action necessitated by the great length of the hind-limbs) must be 
familiar to all who have observed them living, and also, very probably, 
the singular mode in which the young are carried in a pouch of skin 
in the front of the belly of the nother, 

But “ What is a kangaroo?” The question will raise in the minds 
of those who are not naturalists the image of some familiar cirenm- 


SORE 
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Fic. 1.—Kanearoo (Mucropus). 


stances like those just referred to. But sneh image will afford no real 
answer to the question. To arrive at svch an answer it 1s necessary 
to estimate correctly in what relation the kangaroo stands to other 
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animuls—its place in the seale of animated beings—as also its relations 
to space and time; that is, its distribution over the earth’s surface to- 
day, in connection with that of other animals more or less like it, aud 
its relation to the past Hfe of this phimet, in connection with similar 
relations of animals also more or less like it. la other words, to un- 
derstand what a kaugarvo is, we must understand its zoGlogical, geo- 
graphical, aud geological conditions, «And my task in this paper is 
to make these conditions as clear as Tecan, und so to enable the reader 
to really answer the question, “ What is a kangaroo ?” 

But before proceeding to these matters, let us look at our kangaroo 
a little closer, and Jearn something of its strneture, habits, aud history, 
soas to have some clear conecptions of the kangaroo considered by 
itself, before cousidering its relations with the miverse (animate and 
Inauunate) about it. 

The kangaroo (Fig, 1) is a quadruped, with very long hind-limbs 
and a long and rather thick tail, Its head possesses rather a long 
muzzle, somewhat like that of a deer, with a pair of rather long cars. 
Each fore-paw has five toes, mmished with claws. Each hind-limb has 
but two large and couspicnous toes, the inner one of which is much the 


larger, and bears a very long and strong claw (Fig. 2). On the inner 


Fic. 2—Foor or KRanGaroo, 


side of this is what appears to be a very minute toe, furnished with 
two small claws. An examination of the bones of the foot shows us, 
however, that it really consists of two very slender toes united togeth- 
erin a common fold of skin. These toes answer to the second and 
third toes of our own foot, and there is no representative of our great- 
toe—not even that part of it which is inclosed in the substance of our 
foot, called the énaner metutarsal bone. Two other points are specially 
noteworthy in the skeleton, The first of these is that the pelvis (or 
bony girdle to which the hind-limbs are articulated, and by which they 
are connected with the back-bone) has two elongated bones extending 
upward from its superior margin in front (Fig. 4, @). These are called 
marsupial bones, and lie within the flesh of the front of the animal’s 
belly. The other point is that the lower, hinder portion of each side 
of the lower jaw (which portion is technically enlled the ‘“angle”) is 
bent inward, or “inflected,” and not continued directly backward in 
the same plane as the rest of the lower jaw. 

A certain muscle, called the cremaster muscle, is attached to each 
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marsupial bone, and thence stretches itself over the inner or deep sur- 
face of the adjacent mammary gland or “ breast,” which is situated 
low down, and not in the breast at all. 

The kangaroo’s teeth consist of three on each side in the front of 
the mouth, and one on each side below. These eight teeth are what 
are called incisors, At the back of the mouth there are five erinding- 
teeth on each side above and five below, and between the upper grina- 
ers and incisors another pointed tooth, called a canine, may or may 
not be interposed, Such a set of teeth is indicated by the following 
formula, where I stands for incisors, C for canines, and M for grinding- 
teeth or “molars.” The number above each line indicates the teeth 
of each denomination which exist on one side of the upper jaw, and 
the lower number those of the lower jaw: 


3 0 1 5 9 8 
IT - C = or -~- M - = = or = 
1 ca) 0 5 6 i 


The total number of incisor tecth of both sides of each jaw may there- 
fore be expressed thus: I §. 

Such is the general structure of an adult kangaroo, At birth it is 
strangely different from what it ultimately becomes, 

It is customary to speak of the human infant as exceptionally 
helpless at birth and after it, but it is at once capable of vigorous suck- 
ing, and very early learns to seek the nipple. The great kangaroo, 
standing some six feet high, is at birth scarcely more than an inch 
long, with delicate naked skin, and looking like part of an earthworm. 
But, in such feeble and imperfectly developed condition, the young 
kangaroo cannot actively suck. The mother therefore places it upon 
one of her long and slender nipples (the end of which is somewhat 
swollen), this nipple entering its mouth, and the little creature remain- 
ing attached to it. The mother then, by means of the cremaster mus- 
ele (before spoken of), squeezes her own milk gland, and so injects 
milk into the young, which would thus be infallibly choked but for a 
noticeable peculiarity of its structure, admirably adapted to the cir- 
cumstances of the case. 

Tn almost all beasts, and in man also, the air-passage or windpipe 
(which admits air to and from the lungs) opens into the floor of the 
mouth, behind the tongue and ¢ front of the opening of the gullet. 
Each particle of food, then, as it passes to the gullet, passes over the 
entrance to the windpipe, but is prevented from falling into it (and so 
causing death by choking) by the action of a small cartilaginous shield 
(the epiglottis). This shield, which ordinarily stands up in front of 
the opening into the windpipe, bends back and comes over that open- 
ing just when food is passing, and so, at the right moment, almost 
always prevents food from “ going the wrong way.” But, in the young 
kangaroo, the milk being introduced, not by any voluntary act of the 
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young kangaroo itself, but by the injecting action of its mother, it is 
evident that, did such a state of things obtam in it as has been just 
deseribed, the result would be speedily fatal. Did no special provi- 
sion exist, the young one must infallibly be choked by the intrusion 
of milk into the windpipe. But there is a special provision for the 
young kangaroo; the wpper part of the windpipe (or larynx), instead 
of lying as in us, and as in most beasts, widely separated from the 
hinder opening of the nostrils, is much raised (Fig, 8, a). Tt is in fact 
so elongated in the young kangaroo that it rises right up into the 
hinder end of the nasal passage, which embraces it. In this way 
there is free entrance for air from the nostrils into the windpipe by a 


1 2 


Fic. 3.—1. DissecTED Heap or Young Kancaroo.—a, Elongated Larynx ; 4, Cavity of Mouth. 
2. Nipple of Mother. 


passage shut off from the cavity of the mouth. All the time the nik 
ean freely pass to the back of the mouth and gullet along each side 
of this clongated larynx, and thus breathing and milk-injection can 
go on simultaneously, without risk or inconvemience. 

The kangaroo browses on the herbage and bushes of more or less 
open country, and, when feeding, commonly applies its front-limbs to 
the ground. Tt readily, however, raises itself on its hind-limbs and 
strong tail (as on a tripod) when any sound, sight, or smell, alarms its 
natural timidity (Fig. 1). 

Mr. Gould tells us that the natives (where it is found) sometimes 
hunt these animals by forming a great circle around them, gradnally 
converging upon them, and so frightening them by yells that they 
become an easy prey to their clubs. 

As to its civilized hunters, the same author tells us that kangaroos 
are hunted by dogs which ran entirely by sight, and partake of the 
nature of the greyhound and deerhound, and, from their great strength 
and fleetness, are so well adapted for the duties to which they are 
trained, that the escape of the kangaroo, when it occurs, is owing to 
peculiar and favorable circumstances; as, for example, the oppressive 
heat of the day, or the nature of the ground; the former incapacitat- 
ing the dogs for a severe chase, and the hard ridges, which the kan- 
garoo invariably endeavors to gain, giving him great advantage over 
his pursuers. On such ground the females in particular will frequently 
outstrip the fleetest greyhound ; while, on the contrary, heavy old 
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males, on soft ground, are easily taken. Many of these fine kangaroo- 
dogs are kept at the stock-stations of the interior, for the sole purpose 
of running the kangaroo and the emu, the latter being killed solely for 
the supply of oil which it yields, and the former for mere sport or for 
food for the dogs, Although T have killed the largest males with a 
single dog, it is not generally advisable to attempt this, as they possess 
great power, and frequently rip up the dogs, and sometimes even cut 


Fie, 4.—SKELETON oF THE KaNncaroo.—«, Marsupial Bones. 


them to the heart with a single stroke of the hind-leg. Three or four 
dogs are more generally laid on; one of superior fleetness to “pull” 
the kangaroo, while the others rush in upon it and kill it. It some- 
times adopts a singular mode of defending itself, by elasping its short, 
powerful fore-limbs around its antagonist, then hopping away with it 
to the nearest water-hole, and there keeping it beneath the water until 
drowned. 
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The kangaroo is said to be able to clear even more than fifteen 
feet at one bound. 

tapidity of locomotion is especially necessary for a large animal 
inhabiting a country subject to sneh severe and widely-extending 
droughts as in Australia. The herbivorous animals which people the 
plains of Southern Afriea—the anteclopes—are also capable of very 
rapid locomotion. In the antelopes, however, as in all hoofed beasts, 
all the four limbs (front as well as hind) are exelnsively nsed for loco- 
motion. But in kangaroos we have aninals requiring to use their 
front pair of limbs for the purposes of more or less delicate manipula- 
tion with respect to the economy of the “poneh.” Accordingly, for 
such creatures to be able to inhabit such a conntry, the hind pair of 
limbs inust by themselves be fitted alone to answer the purpose of 
both the front and hind limbs of dcer and antelopes. It wonld seem, 
then, that the peculiar structure of the kangaroo’s limbs is of the 
greatest ntility to it; the front pair serving as prehensile manipulat- 
ing organs, while the hind pair are, by themselves alone, able to carry 
the animal great distances with rapidity, and so to traverse wide arid 
plains in pursuit of rare and distant water. The harmony between 
structure, habit, and climate, was long ago pointed out by Prof. 
Owen. 


Fic, 5.—TEetu or Kancaroo. 


The kangaroo breeds freely in this country, producing one at a 
birth. We have young ones every yearin our Zodlogical Gardens. A 
large number of them are reared to maturity, and altogether our kan- 
garoos thrive and do well. One born in our gardens was lately in the 
habit of still entering the pouch of its mother, although itself bearing 
avery young one within its own poueh, These animals have been 
already more or less acclimatized in England. I have myself seen 
them in grounds at Glastonbury Abbey. Some were so kept in the 
open by Lord Hill, and some by the Duke of Marlborough. A very 
fine herd is now at liberty in a park near Tours, in Franee. 

It is a little more than one hundred and five years since the kan- 
garoo was first distinetly seen by English observers. At the reeom- 
mendation and request of the Royal Society, Captain (then Lientenant) 
Cook set sail in May, 1768, in the ship Endeavor, on a voyage of 
exploration, and for the observation of the transit of Venus of the year 
1769, which transit the travelers observed, from the Society Islands, 
on June 3d of that year. In the spring of the following year the ship 


De 
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started from New Zealand to the eastern coast of New Tolland, visit- 
ing, among other pluces, a spot which, on account of the number of 
plants fonnd there by Mr, (afterward Sir Joseph) Banks, reeeived the 
name of Botany Bay. Afterward, when detained in Endeavor River 
(about 15° sonth latitude) by the need of repairing a hole made in the 
vessel by a rock (part of which, fortunately, itself stuck in the hole it 
made), Captain Cook tells us that on Friday, June 22, 1770, “some of 
the people were sent ou the other side of the water, to shoot pigeons for 
the sick, who at their return reported that they had seen an animal, , 
as large as a greyhonnd, of a slender make, a monse-color, and ex- 
tremely swift.” On the next day, he tells us: “This day almost 
everybody had seen the animal which the pigeon-shooters had brought 
an account of the day before; and one of the seamen, who had been 
rambling in the woods, told us on his return that he verily believed 
he had seen the devil. We naturally inquired in what form he had 
appeared, and his answer was, says John, ‘As large as a one-gallon 
keg, and very like it; he had horns and wings, yet he crept so slowly 
through the grass that, if I had not been @feared, [ might have 
touched him.” This formidable apparition we afterward, however, 
discovered to have been a bat (a Fiyine Fox), ... Karly the next 
day,” Captain Cook continues, “as Iwas walking in the morning, at a 
little distance from the ship, I saw myself one of the animals which 
had been deseribed; it was of a Hght mouse-color, and in size and 
shape very much resembling a greyhound; it had a long tail also, 
which it earried like a greyhound; and I should have taken it for a 
wild-dog if, instead of running, it had not leaped like a hare or deer.” 
Mr. Banks also had an imperfect view of this animal, and was of 
opinion that its species was hitherto unknown. The work exhibits an 
excellent figure of the animal. Again, on Sunday, July 8th, being still 
in Endeavor River, Captain Cook tells us that some of the erew “set 
ont, with the first dawn, in search of game, and in a walk of many 
miles they saw four animals of the same kind, two of whieh Mr. 
Banks’s greyhonnd fairly chased; but they threw him out at a great 
distance, by leaping over the long, thick grass, which prevented his 
running. This animal was observed not to run upon four legs, but to 
bound or leap forward upon two, like the jerboa,” Finally, on Satur- 
day, July 14th, “ Mr. Gore, who went out with his gun, had the good 
fortune to kill one of these animals which had been so much the sub- 
ject of our speculation; ” adding, “This animal is called by the natives 
hanguroo, The next day (Sunday, July 15th) our kanguroo was 
dressed for dinner, and proved most excellent meat.” 

Such is the earliest notice of this ereature’s observation by Eng- 
lishmen; but Cornelius de Brnins, a Dutch traveler, saw,’ as early as 
1711, specimens of a species (now named after him, Macropus Brunii), 


1 See Cornelis de Bruins, “ Reizen over Moskovie, door Persie en Indie.’ Amster- 
dam, 1714, p. 874, Fig. 213 
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which he called #@lander, and which were kept in captivity in a gar- 
den at Batavia. A very fair representation of the animal is given— 
one showing the aperture of the pouch, This species was, moreover, 
deseribed both by Pallas’? and by Sehreber,’ 

It is not improbable, however, that kangaroos were seen by the 
earlier explorers of the western coast of Australia; and it may be that 
it is one of these animals which was referred to by Dampier, when he 
tells us that on Angust 12, 1699, “two or three of my seamen saw 
ereatures not unlike wolves, but so lean that they locked like mere 
skeletons.” 

Ilaving now learned something of the strneture, habits, and history 
of the kangaroo, we may proceed to consider its zoGlogical, eeograph- 
ical, and geological relations, in order to arrive at the best answer we 
may to our initial question, “ What is a kangaroo ?” 

First, as to its zotlogical relations; and here it is necessary to re- 
call to mind certain leading facts of zotlogical classification, in order 
that we may be better able to sce with what creatures the kangaroo 
is, in various degrees, allied. 

The whole animal population of the globe is spoken of under the 
fanciful term, the “animal kingdom,” in contrast with the world of 
plants, or “ vegetable kingdom.” 

The animal kingdom is divided into certain great groups, each of 
which is called a sub-kingdom; and one, the highest ot these sub- 
kingdoms (that to which we onrselyes belong), bears the name verte- 
brata, and it includes all beasts, birds, reptiles, and fishes; and the 
name refers to the series of bone called vertebre, of which the back- 
hone or spinal column (and all vertebrata have a spinal column) is 
generally made up. 

Each sub-kingdom is made np of subordinate groups, termed classes ; 
and thus the vertebrate sub-kingdom is made up of the class of beasts 
or Mammalia (so called becanse they suckle their young), the class 
of birds, and other classes. 

Each class is made up of subordinate groups, termed orders ; 
each order is further subdivided into families ; each family is made 
up of genera ; while every genus comprises one, few, or many species. 

In considering the zodlogical relations of the kangaroo, we have 
then to consider the relations borne by its genera to the other genera 
of its family, the relations borne by its family to the other families 
of its order, and finally the relations borne by its order to the other 
orders of its class (tle Mummalia)—that class which ineludes within 
it all other beasts whatever, and also man. 

Jn the first place, it may be observed, there are many species of 
kangaroos, arranged in some four genera; but the true kangaroos 
form a gerus, Mucrojnts, which is very nearly allied to the three other 


1 Pallas, “ Act. Acad. Sc. Petrop.,” 1277, part ii., p. 299, tab. 4, Figs. 4 and 5, 
> Schreber, ‘‘Sangth.,” ili, p. 551, pl. 153, 1778. 
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genera, 2. Dorcopsis, with a very large first back tooth, 8. The tree 
kangaroos (Pendrolayus), which frequent the more horizontal branches 
of trees, have the fore-imbs but little shorter than the hind-limbs, 
and inhabit New Guinea; 4. The rat-hRunguroos (dlypsiprymnus), 
which have the first upper grinding-tooth large, compressed, and with 
vertical grooves. 


Fic. 6.—SkcL. or A Rat-Kancaroo (//ypsiprymnus). 


These fonr genera together constitute the kangaroo’s FamIry, the 
Macropodide, the species of which all inhabit Australia and the 
islands adjacent, but are found nowhere else in the world. 

The species agree in having— 

1. The second and third toes slender and united in a common fold 
of skin. 

2. The hind-limbs longer than the fore-limbs. 

3. No inner metatarsad bone. 

4. All the toes of each fore-foot provided with claws. 

5. Total number of incisors only §. 

These five characters are common to the group, and do not co- 
exist in any other animals. They form, therefore, the distinguishing 
cuaRacTERs of the kangaroo’s family. This fumily, A/acropodide, is 
one of the six other families which, together with it, make up that 
much larger group, the kangaroo’s orpEer. As was just said, to un- 
derstand what a kangaroo is, we wust know “ what are the relations 
borne by his feandly to the other families of its order;” and accord- 
ingly it is needful for our purpose to take at least a cursory view of 
those other families. 

There is a small animal, called a bandicoot (Fig. 7), which, in ex- 
ternal appearance, differs very plainly from the kangaroo, but resem- 
bles it im having the hind-limbs longer than the fore-limbs, and also 
in the form of its hind-feet, which present a kangaroo structure, but 
not carried out to such an extreme degree as in the kangaroo, and 
therefore approximating more to the normal type of foot, there being 
a rudimentary inner toe and a less preponderant fourth toe; the sec- 
ond and third toes, however, are still very small, and bound together 
by skin down to the nails. In the fore-foot, on the contrary, there is 
a deficiency, the outer toes being nailless or wanting. The cutting- 
teeth are more numerous, these being I 42. 

This little creature is an example of others, forming the family 
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Peramelide—a family made up of creatures none of which much ex- 
ceed the hare in size, and which, instead of feeding on vegetable sub- 
stances (as do the kangaroos), cat inseets, for which food they: are 
well adapted by the sharp points and ridges which may be seen on 
their back teeth. 


Fig. 7.—Lonag-nosep Banpicoot (Perumeles), 


One member of this family, Cheropus (Fig. 8), is very exceptional in 
the structure of its hind-feet, which out-kangaroo the kangaroo in the 


Pic. $.—Cm£rorvs. 


minuteness of all the toes but the fourth, npon which alone the creature 
walks, while its front-feet are each reduced to two functional digits. 
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No other known heast besides walks upon a single toe in each 
hind-foot, save the horse family (horses, asses, and, zebras), and they 
walk upon a different one, namely, that which answers to onr middle- 
toe, while CAwropys walks on the next outer one or fourth. No 
known beast besides Cheropus walks upon two toes in cach foot, save 
hoofed creatures, such as the ruminants and their allies; but in them 
it is the third and fourth toes that are used, while in Chevropus it is 
the second and third toes, 

Another animal, ealled a phalanger (of the genus Phalangista), is 
atype of a third family of the kangaroo’s order, the Phulangistide, 
a family made up of creatures which live in trees and are nocturnal in 
their habits, feeding upon fruits and leaves. Tere we find the limbs 
of nearly equal length. Once more we haye J §, and we still have the 
second and third toes united in a common fold of skin; but the inner- 
most toe (that auswering to our great-toe) is not only largely devel- 
oped, but is ke that of the apes, directed outward, and capable of 
being opposed to the other toes, as our thumb ean be opposed to our 
fingers. 


Fig. 9.—Tug Koaua (Phascolaretus). 


Some of these ereatures have prehensile tails, Others have the skin 
of the flanks enlarged so as to serve them as a parachute in their leaps, 
whence they are called “ flying opossums,” just as squirrels, similarly 
provided, are called “ flying ” squirrels. 

There are two very aberrant menibers of this family. One, the 
koala, Fig. 9 (Phascolurctus), called the native bear or native sloth, is 
devoid of any tail. 

The other, Zursipes, but little bigger than a mouse, has a long and 
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pointed muzzle, and its teeth are reduced to minute pointed processes, 


& 6-6. . . 
few in number, —,, situated far apart in each jaw. 
Oo). 


Fig. 10.—Ctscus ORIENTALIS. 


The genus Cuseus, closely allied to Phalangista, is found in New 
Guinea and the adjacent islands to Timor (Fig. 10). 


ESS 


S\ 


Fig. 11.—THE Wombat (Phascolomys). 


Another animal, the wombat, Fig. 11 (Phascolomys), forms by 
itself a distinct family, Phascolomyide. It is a burrowing nocturnal 
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animal, about the size of a badger, with rudimentary tail and peculiar 
feet and teeth. 

We still find the second and third toes bound together, limbs of 
equal length, and all the five toes of the fore-foot with claws (as in 
the last family), but the great-toe is represented by a small tubercle, 


while the entting teeth are 3, growing from persistent pulp through 


a 


life, as in rats, squirrels, and Guinea-pigs (Fig. 12). 


Fic. 12.—TrEETH oF THE WOMBAT. 


We may now pass to a very different family of animals belonging 
to the kangaroo’s order. We pass, namely, to the Dasywride, or 
family of the native cat, wolf, and devil, so named from their preda- 
tory or fierce nature, They have well-developed eye-teeth (or canines), 
and back teeth with sharp eutting blades, or bristling with prickly 
points, The second and third toes are no longer bound together; and 
while there are five toes with claws to each fore-foot, the great-toe is 
either absent altogether or small. The cutting teeth, Fig. 13, are 4, 


ve 7. 
ee 


Fic. 13.—TEreTa oF Dasrurtvs. 


and the tail is long and clothed with hair throughout. Some of these 
animals are elegantly colored and marked, and all live on animal 
food. This form (belonging to the typical genus Dasyurus, which 
gives its name to the family) may be taken as a type; but two others 
merit notice. 

The first of these is J/yrmecobius, Fig. 14, from Western Austra- 


; . 8—8 is 
lia, remarkable for its number of back teeth, =e and for certain geo- 


graphical and zodlogical relations, to be shortly referred to. With 
respect to this creature, My. Gilbert has told us: 
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“Thave seen a good deal of this beautiful little animal. It appears 
very much like a squirrel when running on the ground, which it does 
in successive leaps, with its tail a little elevated, every now and then 
raising its body, and resting on its hind-feet. When alarmed, it gen- 
erally takes to a dead tree lying on the ground, and before entering 


Fic. 14.—Myrmecoeivs. 


the hollow invariably raises itself on its hind-feet, to ascertain the 
reality of approaching danger. In this kind of retreat it is easily 
captured, and when caught is so harmless and tame as scareely to 
make any resistance, and never attempts to bite. When it has no 
chance of escaping from its plaee of refuge, it utters a sort of half- 
smothered grunt, apparently produced by a succession of hard breath- 


5 ” 
ngs. 


Fie. 15.—SKULL oF MYRMECOBIUS. 


The other member of the family Dasyeride, to which I call the 
reader’s attention, is a very different animal from the AWyrmecobius. 
I refer to the largest of the predatory members of the kangaroo’s 
order; namely, to the Tasmanian wolf. It is about the size of the 
animal after which it is named, and it is marked across the loins with 
tiger-like, black bands (Fig. 16). It is only fonnd in the island of 
Tasmania, and will probably very soon become altogether extinct, on 
account of its destructiveness to the sheep of the colonists. Its teeth 
have considerable resemblance to those of the dog, and it differs from 


+3 
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all other members of the kangaroo’s order, in that mere cartilages 
represent those marsupial bones which every other memi er of the 
order unquestionably possesses. 


LE See 


; 
RE ee 
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Fig. 16.—Tasmanian Wour (Thalucinus Cynoccphalus). 


The last family of the kangaroo’s order consists of the trne opos- 
sum, which (unlike all the animals we have as yet passed in review) 
inhabits not the Australian region, but America only. 

These creatures vary in size from that of the cat to that of the rat, 

They are called Didelphide, and agree with the Dasyuride in hav- 
ing well-developed canine teeth and cutting back teeth (Fig, 17); in 


S we 


Fic. 17.—Treeto or Oprossum (Didedphys), 


having the second and third toes free, and five toes to the fore-foot, 
But they differ i 

1, Cutting-teeth 1? (more than in any other animal). 

2, A large opposable great-toe. 

3. A tail, naked (like that of the rat) and prehensile. 

One of them is aquatic in its habits and web-footed. Sneh are the 
very varied forms whieh compose the six families which together make 
up the kangaroo’s order, and such are the relations borne ‘by the kan- 
garoo’s faanily to the other families of the kangaroo’s order. 

But, to obtain a clear conception of the kangaroo, we must not rest 
content with a knowledge of its order considered by itself. But we 
must endeavor to learn the relation of its order to the other orders of 
that highest class of animals to which the kangaroo and we ourselves 
both clone namely, the class Jfammalia, which class, with the 


3? 
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other classes, birds, reptiles, and fishes together, makes up the back- 
boned or vertebrute primary division of the whole animal kingdom, 

What, then, is the relation of the kaugaroo’s order—the Marsv- 
PIALIA—to the other orders of the class Mammalia ? 

Now, these orders are: 

1, The order which contaius man and apes. 

2. That of the bats. 

3. That of the mole, shrew, hedgehog, and their allies—all ézsec- 
tivorous. 

4, That of the dog, cat, weascl, and hear—all carnivorous, 

5. That of the guawing animals, such as the rat, squirrel, jer- 
bea, and guinea-pig—all with cutting-teeth 3, with permanent pulps. 
They are called Rodents. 

6. The order containing the sloths, 

7. That of the grazing, hoofed quadrupeds—deer, antelopes, and 
their allies. 

Besides three orders of aquatic beasts (seals, whales, and the 
manatee order), with which we ueced not be now further concerned. 


Fic. 18.—Tuz Yaproces (Chironectes). 


Now, in the first place, very noticeable is the much greater diver- 
sity of structure found in the kangaroo’s order than in any other order 
of mammals. While each of the Jaffer is of one predominate type 
of strneture and habit, we have found in the marsupials the greatest 
diversity in both, 

Some marsupials are, we have seen, arboreal, some are burrowing, 
some flit through the air, while others range over and graze npon 
grassy plains. Some feed on vegetable food only, others are as exclu- 
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sively insectivorous or carnivorous, and their teeth vary much in nmm- 
ber and structure. Certain of my readers may wonder that such di- 
verse forms should be thus grouped together, apart from the other 
mammals, At first sight it might seem more natural to place togeth- 
er flying opossums with flying squirrels ; the native sloth with the 
true sloth ; the dog and cat-like opossums with the tre dogs and eats 5 
and, lastly, the insectivorous marsupials with the other crsectivora, 

As to the kangaroos themselves, they might be considered as 
approximating in one respect to the Ruminants, in auother to the 
Rodents, 

We have seen that even in Captain Cook’s time its resemblance to 
the jerboa forced itself into notice. And, indeed, in this jerboa (and 
its first consin, the a/actaga) we have the same or even a relatively 
greater length of hind-lmb and tail, and we have the same jumping 
mode of progression. 

Again, in the little jumping inseetivorous mammal, the shrew 
(Macroseelides), we meet with excessively long hind-limbs and a 
jumping habit. More than this: if we examine its teeth, we find 
both in the upper cutting teeth and in the back teeth great resem- 
blance to those of the kangaroo, And yet there is no real affinity be- 
tween the kangaroo and such ereatures, any more than there is be- 
tween a non-marsupial truly carnivorons beast and a marsupial car- 
nivore. Indeed, both myself and my readers are far more like the 
jerboa or weasel than either of the latter is like to any marsupial 
animal. 

The fact is, that all these so varied marsupial forms of life possess 
in common certain highly-important characters, by which they differ 
from all other mammals. These eharacters, however, mainly relate 
to the structure of their reproductive organs, and could not be here 
detailed without a long preliminary anatomical explanation; but, as 
to the great importance of these characters, naturalists are agreed, 

Among the characters which serve to distinguish the marsupials, 
there are two to which I have already called attention in describing 
the kangaroo; namely, the marsupial bones and the inflected angle 
of the lower jaw. 

Every mammal whieh has marsupial bones has the angle of its 
jaw inflected, or else has no angle to its jaw at all; while every ani- 
mal which has both marsupial bones and an infleeted jaw-angle pos- 
sesses also those speeial characters of the reproductive system which 
distinguish the marsupials from all other mammals. 

Thus it is clear we have at least two great groups of mammals. 
One of them—the non-marsupials—contains man; the apes; bats; 
hedgehog -like beasts (shrews, moles, ete.); eats, dogs, bears, ete.; 
hoofed beasts; edentates ; rodents, and also the aquatic mammals, 
And this great group, containing so many orders, is named Mono- 
DELPHIA. 
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The other great groups consist of all the marsupials, and no others. 
It consists, therefore, of the single order, MWarsupialia, and is called 
Dipeipura. 

Another group of mammals is made up of two genera only—the 
duck-billed platypus, or Ornithorhynchus, and the Lehidna, two most 
interesting forms, but which cannot be further noticed here. They 
form, by themselves, a theme amply sufficient for an article, or even 
half a dozen articles. 

As to its zodlovical relations, then, we may say that the hungaroo 
is a peculiarly modified form of a most varied order of mununals (the 
Marsvprars), which differ from all ordinary beasts (and at tae same 
time differ from man) by very tnportunt anutomical and physiological 
characters, the sign of the prescnuce of which is the coexistence of mar- 
suptal bones with an inflected angle of the lower jaw, 

We may now proceed to the next subject of inqniry, and consider 
the space relations (that is, the geographical distribution) of the 
kangaroo, its family, and order. I have already incidentally men- 
tioned some countries where marsupials are found, but all of those 
were more or less remote. To fiud living, in a state of nature, any 
member of the kangaroo’s order, we must at least cross the Atlantie. 

When America was discovered by the Spaniards, among the ani- 
mals found there, and afterward brought over to Europe, were opos- 
sums, properly so called—marsupials, of the family Didelphide, which 
extend over the American Continent, from the United States to the 
far South. These creatures were the first to make known to Euro- 
peans' that habit of sheltering the young in a pouch which exists in 
the kangaroo, and which habit has given the name Marsupéiulia to the 
whole order. But, thongh this habit was duly noted, it is not strange 
that (being the only ponched forms then known) the value of the pe- 
euharity should have been under-estimated. It is not strange that 
they shonld have been regarded as merely a new kind of ordinary 
flesh-eating beasts, sinee in the more obvions characters of teeth and 
general form they largely resembled such beasts. Accordingly even 
the great Cuvier, in the first edition of his “ Régne Animal,” made 
them a mere subdivision of his great order of flesh-eating mammals, 

But, to find any other member of the kangaroo’s order (besides 
the Didelphide), in a state of nature, we must go mueh farther than 
merely across the Atlantic; namely, to Australia or the islands adja- 
eent to it, including that enormous and unexplored island, New Guinea, 
which has recently attracted publie attention through the published 
travels of a modern Baron Munehansen, 

To return, however, to our subject. To find marsupials at all, we 


1 The following are some among the earlier notices of these animals: “Tlistoire d'un 
Voyage fait en la Terre du Brésil,” par Jean de Léry, Paris, 1578, p. 156, Hernande’s 
“Hist. Mex.,” p. 330, 1626. ‘Histoire Naturelle des <Autilles,’ Rotterdam, 1658. 
“ Anatomy of an Opossum,” Tyson, Phil. Trans., 1698. 
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have, as we have seen, to go to the New World. To find nearer allies 
of the kangaroo, we must go to the newest world, Australia; necest 
because, if America merited the title of xew from its new natural pro- 
ductions as well as its new discovery, Australia may well claim the 
superlative epithet on both aceounts, We have found an indication, 
in the name Botany Bay, of the interest excited in the mind of Sir 
Joseph Banks by the new plants as well as by the new animals of 
Australia. And, indeed, its plants and animals do differ far more 
from those of the New World (America) than do those of America 
from those of the Old World. 

Marsupials, in fact, are separated off from the rest of their class 
—from the great bulk of mammals—the Monodelphia—no less by 
their geographical limits than by their peculiarities of anatomical 
stracture, 

And these geographieal limits are at the same time the limits of 
many groups of animals and plants, so that we have an animal popn- 
lation (or fauna) and a vegetable population (or flora) which are char- 
acteristic of what is called the Australian region—the Australian 
region, because the Australian forms of life are spread not only over 
Australia and Tasmania, but over New Guinea and the Moluccas, ex- 
tending as far northwest as the island of Lombok, while marsupials 
themselves extend to Tier. 

In India, the Malay Peninsula, and the great islands of the Indian 
Arehipelago, we have another and a very different fauna and flora— 
those, namely, of the Indian region, and Indian forms of life extend 
downward southeast as far as the island of Bali. Now, Bali is sepa- 
rated from Lombok by a strait of but fifteen miles in width. But that 
little channel is the boundary-line between these two great regions— 
the Australian and the Indian. The great Indian fauna advances to 
its western margin, while the Australian fauna stops short at its 
eastern margin. 

The zodlogical line of demarkation which passes through these 
straits is called “ Wallace’s line,” because its discovery is due to the 
labors of that illustrious naturalist, that courageons, persevering ex- 
plorer, and most trustworthy observer, Alfred Wallace, a perusal of 
whose works I cordially reeommend to my readers, since the charm 
of their style is as remarkable as is the sterling saltie of their contents. 
Mr, Wallace pointed out that not only as regards beasts (with which 
we are concerned to-day), but that also as regards birds, these regions 
are sharply limited. “ Australia has,” he says, “no woodpeckers, no 
pheasants—families which exist in every other part of the world; but 
instead of them it has the mound-making brnsh-turkeys, the honey- 
suckers, the cockatoos, and the brush-tongued lories, which are fonnd 
nowhere else upon the globe.” : 

All these striking peculiarities are found also in those islands 
which form the Australian division of the archipelago, while in those 
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islands which belong to its Indian division these Australian birds have 
no place. 

On passing from the island of Bali to that of Lombok, we cross 
the division between the two. “In Bali,” he tells us, “we have bar- 
bets, fruit-thrushes, and woodpeckers, while in Lombok these are 
seen no more; but we have abundance of cockatoos, honeysuckers, and 
brush-turkeys, which are equally unknown in Bali, or any island farther 
west.” 

As to our second point, then—the geographical relations of the 
kangaroo—we may say that the hungaroo is one of an order of ant- 
meals confined to the Australian region and dmerica, the great bulk of 
which order, including the kangaroo’s own fumily, Macrovoniw.a, és 
strictly confined to the lustralian region, We may further add that 
in the Australian region ordinary beasts (J/fonodelphia) are entirely 
absent, save some bats and a rat or two, and the wild-dog or dingo, 
which was probably introduced there by man himself. 

There only remains, then, for us to inquire, lastly, what relations 
with past time may be found to exist on the part of the kangaroo’s 
order or of the kangaroo itself. Now, in fact, these relations are of 
considerable interest. I have spoken of Australia as, what in one 
sense it certainly is, the newest world, and yet the oldest world would, 
in truth, be an apter title for the Australian region. 

In these days we hear much of “survivals,” as the two buttons 
behind our frock-coats are “ survivals” of the extinet sword-belt they 
once supported, and the “Oh, yes! oh, yes! oh, yes!” of the town- 
erier is a “survival ” of the former legal and courtly predominance of 
the French language among us, Well, in Australia we have to-day a 
magnificent case of zodlogical survival on the largest seale, There, 
as has already been said, we find living the little Myrmecobius, which 
represents before onr eyes a creature living in the flesh to-day, which 
is like other creatures which onee lived here in England, and whieh 
have left their relies in the Stonesficld oolite, the deposition of which 
is separated from our own age by an abyss of past time not to be 
expressed by thousands of years, but only to be indicated in geological 
language as the Mesozoic period—the middle of the secondary rocks. 

But Australia presents us with a yet more interesting case of 
“survival.” Certain fish-teeth had from time to time been fonnd in 
deposits of oolitic and triassic date, and the unknown creature to 
which they once belonged had received the name of Cerutodus. Only 
five years ago this animal, supposed to have been extinct for untold 
ages, was found still living in Queensland, where it goes by the name 
of “flat-head.” It isa fish of somewhat amphibious habits, as at night 
it leaves the brackish streams it inhabits, and wanders among the reeds 
and rushes of the adjacent flats. The anatomy of this animal has 
been carefully described for us by Dr. Giinther. 

We have, then, in Australia what may be termed a triassic land, 
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still showing us in life to-day the more or less modified representations 
of forms which elsewhere lave long since passed away from amoug 
us, leaving but rare and scattered fragments—relies “sealed within 
the iron hills.” 

No member of the Australian families of the kangaroo’s order 
has left its relics in Enropean strata more recent than the secondary 
rocks, But the American family, Didelphide, is represented in the 
earliest Tertiary period by the remains of an American form (a true 
opossum) having been found by Cuvier in the quarries of Montmartre, 
He first discovered a lower jaw, and, from its intleeted angle, concluded 
that it belonged to a marsupial animal, and that therefore marsnpial 
bones were hidden in the matrix, Accordingly le predicted that such 
bones would he found; and, proceeding to remove the enveloping de- 
posit with the greatest care, he laid bare before the admiring eyes of 
the bystanders the proof of the correctness of his prediction. It is 
noteworthy, however, that, had this fossil been that of an animal like 
the Tasmanian wolf, he would have been disappointed, as, thongh 
marsupial, it has, as has been already said, not marsupial Jones, but 
cartiluges. 

Bat relies of creatures more closely allied to the kangaroo existed 
in times ancient historically, though, geologicelly speaking, very re- 
cent, Just as in the recent deposits of South America we find the 
bones of huge beasts, first cousins to the sloths and armadilloes which 
live there now, so in Australia there lived beasts having the more es- 
sential structural characters of the kangaroo, yet of the bulk of the 
rhinoceros, Their bones and teeth have been found in the tertiary 
deposits of Australia. They have been described by Prof. Owen, and 
are now to be seen preserved in the British Museuin and that of the 
Royal College of Surgeons. It may be that other fossil forms of the 
middle mesozoic¢ or even of triassic times may, so some believe, have 
belonged to creatures of the kangaroo’s family ; but at least there is 
no doubt that such existed in times of post-tertiary date. 

As to our third point—the geological relations of the kangaroo— 
we may say, then, that “the hangaroo is one of an order of animals 
which ranged over the Northern Hemisphere in triassie and oolitic times, 
one exceptional fumily lingering in Europe to the Evcene period, and 
in America to the present day. That the kangaroo itself is a form 
certainly become fossil in its own region, where, in tines geologically 
recent, creatures allicd to it, but of vastly greater bulk, frequented the 
Australian plains.” 

We may now, then, proceed to answer finally the question, “ What 
is a kangaroo?” ‘Wemay do so becanse the meaning of the techni- 
cal terms in which the auswer must necessarily be expressed (if not of 
undue length) has been now explained, as far as space has allowed. 

We may say, then, that “the kangaroo is a didelphous (or marsu- 
pial) mammal, of the fumily Macropopiwa; an inhabitant of the 
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Australian region, and connected, us respects its order, with triassic 
times, and possibly even as regurds its fumily also, though certainly 
(as regards the latter) with the time of the post-tertiury geological 
deposits.” 

We have seen what are didelphous and what are monadelphous 
mammals; what are the respective values of the terms “order,” 
“family,” and “ genus,” and also in what respect the kangaroo differs 
from the other families of the marsupial order, We have also become 
acquainted with the distribution of organie life now and with the 
inter-relations of different geological strata, as far as those phenomena 
of space and of time concern our immediate subject. 

By becoming acquainted with these matters, and by no other way, 
is it possible to give an intelligent answer to the question, “What is 
a kangaroo ?”—Popular Seience Review. 


LIFE IN GREENLAND. 


TIE Danish settlements in Greenland date from the year 1721, 
when a colony was established at Godthaab, in latitude 64° 
north. The country had been visited and colonies settled there as 
early as the tenth century by Ieclanders; but these Icelandic colonies 
were utterly destroyed, probably by the pestilence known as the 
“lack-death ” in the fourteenth century, or early in the fifteenth. 
The present Danish settlements are all situated on the west coast, 
and contain abont 10,000 inhabitants, all Esquimanx with the exeeption 
of a few hundred, who are Danes. The region of Disco Bay may be 
regarded as the type of the entire western coast of Greenland, The 
aspects of Nature and the conditions of hnman life, as presented in 
this region, are graphically portrayed by Dr. Robert Brown, F.R.G.8., 
in the Geographical Magazine, and in the following pages we purpose 
to epitomize, for the benefit of onr readers, the account given by this 
very competent observer. Dr. Brown, we wonld add, is probably the 
highest living authority on all seientifie qnestions connected with 
Greenland ; he has written a number of memoirs upon the geology, 
meteorology, ete., of the country, which are held in the very highest 
esteem by men of science. 

Disco Bay is situated between the parallels of about 68° and 70° 
north latitude. On the west lies Disco Island, and on the east Green- 
land, Nowhere are the cliffs high, and the southern shore is in gen- 
eral flat and uninteresting. Abont Christianshaab (latitude 69°), and 
farther to the north, the shores are backed by bare rocky hills of 
about 1,000 or 1,200 feet—rounded knolls of gneiss, ice-shaven and 
worn, Between these higher grounds run birch and willow-covered 
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mossy valleys, bright with running streams and waterfalls during the 
brief arctic summer. Everywhere are indubitable signs that the ex- 
tensive mer de glace, which is beheved to cover the whole interior of 
Greenland, once covered at least the greater part of what is now the 
uncovered or “ fast-land” of the Danes. The ice is again beginning 
to encroach on the land, and everywhere in this vicinity there are 
proots of a gradual subsidence of the ground, 

From the fossil remains of numerous land-plants and a few insects 
fonnd in the Miocene beds of Disco Island, it appears that in com- 
paratively reeent times a Inxuriant vegetation, somewhat similar in 
charaeter to that of California or the Southern United States, flour- 
ished in these aretic wastes. Luxuriant evergreen-oaks, magnolias, 
and sequoias, grew where now is found only the dwarf-willow, creep- 
ing along the ground with a stem not over half an inch in diameter. 
Among the fossil trees of Greenland, Prof. Ileer has discovered three 
distinct species of sequoia, nine of oak, four of which were evergreen, 
like the Italian oak, two beeches, a chestnut, two planes, and a wal- 
nut. “ Besides these,” writes Prof. Heer, “ American species, such as 
the magnolias, sassafrasses, and liquidambars, were represented there ; 
and the characters of the chony-tree are to be distinguished in two 
of the species. The hazel, the snmach, the buekthorn, and the holly, 
the guelder-rose, and the white, probably formed the thickets at the 
borders of the woods; while the vine, the ivy, and the sarsaparilla, 
climbed over the trees of the virgin forest, and adorned them with 
garlands. In the shadow of the wood grew a profusion of ferns, 
which covered the soil with their elegant fronds. The inseets which 
gave animation to these solitudes are not all lost. The impressions 
of these which have reached us show that Chrysomelas and Castilidce 
enjoyed themselves in the sun, and large Trogsite pierced the bark of 
the trees, while charming Clcadellw leaped about among the herbage.” 
In all, about 167 species of Miocene plants have been discovered in 
Greenland. 

The coal fonnd on Disco Island is, like all tertiary lignites, of poor 
quality, but yet, when mixed with English coal, it forms a good fuel 
for honsehold and even for steaming purposes, Jt is mined to a small 
extent for the use of the settlements around the bay. Soapstone is found 
in some places in the primitive rocks, on the southern shores of Disco 
Bay; it was at one time extensively employed by the Esqnimaux for 
making various domestic utensils, but is now mnch less used, owing 
to the introduction of vessels of iron, copper, and tin. There is no 
other economic mineral, cryolite being only found in one locality, Ar- 
sut Fiord, in South Greenland, 

In the winter the cold is extreme in the region of Disco Bay, and 
the ground is generally thickly covered with snow from September 
till May or early June. During this period the whole sea is covered 
with ice, and the Danes and Esquimaux visit from settlement to settle- 
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ment in sledges drawn by dogs. During the sammer, under the four 
months of continual daylight, the snow soon melts over the lower 
lands, and the heat is often extreme. Mosquitoes are troublesome, 
and, there being no shelter from the rays of the sun reflected from the 
snow, ice, and bare rocks, traveling is frequently attended with great 
discomfort. The day may be bright and sunny inthe morning, and in 
the evening snow, sleet, and all the concomitauts of spring or winter. 
During the short summer season vegetation springs up apace and soon 
comes to maturity. In September the weather is uncertain and the 
nights are very dark and cold. 

The trade of Danish Greenland is a striet erown monopoly, and is 
administered by government officials solely for the bencfit of the 
natives. The principle adopted is to buy the natives’ blubber, skins, 
ivory, ete., ata low price and to sell to them articles of European 
manufieture which are necessary to their comfort at an equally low 
figure; coffee and other luxuries are sold at a good profit. The sur- 
plus is credited to each district, and expended for the public good, 
by the little loeal parliaments (Partisoks) of the districts, the mem- 
bers of which (partiswts) are elected by universal suffrage. The set- 
tlements are known as colonies, and each is presided over by a “ colo- 
nibestyrer” (dest man in the colony). The other notables of the 
colony are the colonibestyrer’s assistant, the cooper, the carpenter, 
and, if the settlement is large, the Lutheran parson, and the school- 
master—the Jatter generally an educated native. The most exciting 
event in the settlements is the arrival of the annual ship from Co- 
penhagen. Pianos are not unknown in the houses of the Danish 
officials, and the Tauchnitz edition of the best English authors is to 
be found in the “ governor’s ” house, 

The Danish Government treat the natives with the most paternal 
care. No spirits are allowed to be sold to them, schools are pro- 
vided, and altogether the rule of the little northern kingdom is pro- 
duetive of very good results, Theft is practically unknown in Danish 
Greenland. 

The vegetation around Disco Bay is, during the brief summer, rather 
luxuriant ; the rocks are bright with mosses, and gayly-colored flowers 
peep out from the crannies. In the Upernivik district the birch is 
said to grow high enough in localities to cover the reindeer, Such 
giant shrubs are looked upon with pride by the natives. They take 
visitors to sce them, and point to these extraordinary specimens of 
vegetation with an air as of “See this and die!” 

Hunting and fishing form the sole occupation of those natives who 
are not in the government service. The white bear is almost extinet 
in this region; farther north they are more numerous. The arctic 
fox is common, The native dog is threatened with extermination by 
a peculiar disease which first appeared in Greenland a few years ago, 
The cat has become domesticated. The mouse and rat are regularly 
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introduced every summer with the European ships, but rarely survive 
the winter. The arctic hare is common, The reindeer is now so rare 
in the vicinity of Disco Bay that few natives care to go hunting it. 
The seals are the main staple of the Esquimanx hunt, Large numbers 
are killed, both in summer and winter, but chiefly on the ice-fields 
during the latter season. The right-whale is now only a rare visitor. 
The white whale and the narwhal are often killed. 

All the more common aretie birds visit Disco Bay in the summer, 
but, with the exception of the ptarmigan and some of the raptorial 
birds, they migrate during the winter. There are no reptiles in Green- 
land, but the salt-water fishes are numerous. Shark-fishing forms a 
considerable branch of industry. The kalleraglek, or small halibut, 
is caught in Disco Bay; among the Danes it forms a favorite dish, 
when sliced and dried. About six species of Saimo are found in Green- 
land. Both the trout and the salmon are excellent, though they have 
a thick layer of fat beneath the skin, The marine invertebrata are 
numerous. Insect-life is poor; a few butterflies are seen during the 
summer months; some Coleoptera, afew Diptera, Hymenoptera, ete., 
go to make up the limited insect fauna of the region of Disco Bay. 


SCIENCE AND RELIGION.' 
By Rev, CHARLES F, DEEMS, D.D. 


FAIS recent ery of the “ Conflict of Religion and Science ” is falla- 

cious, and mischievous to the interests of both science and reli- 
gion; and would be most mournful if we did not believe that, in the 
very nature of things, it must be ephemeral. Its genesis is to be 
traced to the weak foolishness of some professors of religion, and to 
the weak wickeduess of some professors of science. No man of pow- 
erful and healthy mind, who is devout, ever has the slightest appre- 
hension that any advancement of scienee can shake the foundations 
of that faith which is necessary to salvation. No man of powerful 
and healthy mind, engaged in observing, recording, and classifying 
facts, and in searching among them for those identities and differences 
which point to principles and indicate laws, ever feels that he suffers 
any embarrassment or limitations in his studies by the most reverent 
love he ean have for God as his Father, or the most tender sympathy 
he can have for man as his brother, or that hatred for sin which pro- 
duces penitence, or that constant leaning of his heart on God which 


1 Extract from the opening address at the inauguration of Vanderbilt University, by 
Charles F, Deems, D. D., pastor of the Church of the Strangers, New York, October 
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produces spiritual-mindcduess, or that hope of a state of immortal 
holiness which has been the ideal of humanity in all ages. 

All this dust about “the conflict ” has been flung up by men of 
insufficient faith, who doubted the basis of their faith; or by men of 
insufficient science, who have mistaken theology or the Chureh for re- 
ligion ; or by unreasonable and wicked men, who have sought to per- 
vert the teachings of scicuce so as to silence the voice of couscience 
in themselves, or put God out of their thoughts, so that a sense of his 
eternal recognition of the eternal difference between right and wrong 
might not overawe their spirits in the indulgence of the lnst of the 
flesh, the lust of the eye, and the pride of life. It may be profitable 
to discriminate these; and, if badges and flags have become mixed in 
this fray, it may be well to readjust our ensigns, so that foes shall 
strike at only foes, 

It is, first of all, necessary to settle distinetly what science is, as 
well as what it is not; and also, what religion is, as well as what it 
is not. 

We can all afford to agree upon the definition rendered by the 
only man who has been found in twenty-two centuries to add any- 
thing important to the imperial seience of logic, Sir William Hamil- 
ton defines science as “a complement of cognitions, having in point 
of form the character of logieal perfection, and in point of matter the 
character of real truth.’ Onder the foeal heat of a definition like 
this, much that claims to be science will be consuined. Jt is the fash- 
ion to intimate, if not to assert, that it is much more easy to become 
scientific than to become religious; that in one ease a man is dealing 
with the real, in the other with the ideal; in the one case with the 
eomprehensible, in the other with the incomprehensible; in the one 
ease with that which is certain and exact, aud in the other case with 
that which at best is only probable and indefinite. 

There can be no doubt, among thoughtful men, of the great value 
of both science and religion, JA thinker who is worth listening to is 
always inisunderstood if it be supposed that he means to disparage 
either, An attempt to determine the limits of religion is no dispar- 
agement thereof, because all the most religious men who are aceus- 
tomed to think are engaged in striving to settle those limits, in order 
that they may have advantage of the whole territory of religion on 
the one hand, and on the other may not take that as belonging to reli- 
gion which belongs to something else. 

Now, if Sir William UWamilton’s definition is to be taken, we shall 
perceive that he represents science in its quality, in its quautity, and 
in its form. Cognition of something is necessary for science. Then, 
(1) the knowledge of things known must be true; (2) that knowledge 
must be full, and (3) it must be accurate; it must be in such form as 
to be most readily and successfully used by the logical understanding 
for purposes of thought. 
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This sets aside very much that has been ealled science, and, as it 
seems, perhaps nearly all that which has been the material used by 
those who have raised the most smoke over this “conflict ” question. 

“ Guesses at truth” are valuable only as the pecking at a plas- 
tered wall, to find where a wooden beam runs, is useful; but a guess 
is not knowledge. A working hypothesis were not to be despised, 
although the student of science might feel quite sure in advance 
that when he had Jearned the truth in this department he would 
throw the hypothesis away. A working hypothesis, like a scaffold, is 
useful; but a scaffold is not a wall, Artis not science, Art deals 
with the appearances, science with the realities, of things. Art deals 
with the external, science with the internal, of a thing; art with the 
phenomenon, science with the nowmenon. It must be the “real truth ” 
which we know, and know truly. 

Weak men on both sides have done much harm—the weak reli- 
gionists by assuming, and the weak scientists by claiming, for guesses 
and hypotheses, the high character and full value of real truth. The 
guesses of both have collided in the air, and a real battle seemed im- 
pending; but it was only “ guesses” which exploded—bubbles, not 
hombs; and it is never to be forgotten that a professor of religion 
hag just as much right to guess as a professor of science, and the lat- 
ter no more right than the former, althongh he may have more skill. 

No man can abandon a real truth without degradation to his in- 
tellectual and moral nature; but Galileo, Kepler, and Newton, in their 
studies from time to time, employed and discarded theory after the- 
ory, until they reached that which was capable of demonstration. It 
was only that which took its place as science. In the case of Kepler, 
it is known what great laber be spent in attempting to represent the 
orbit of Mars by combinations of uniform circular motion,  JIis 
working hypothesis was the old doetrine of epicyclic enrves. But his 
great Jabor was not fruitless, as has been carelessly asserted. The 
theory was false, and therefore not a part of real science; but, work- 
ing on it, he discovered that the orbit of Mars is an ellipse, and this 
led him to the first of his three great laws of planetary motion, and 
enabled him almost immediately to discover the second. Here was 
a great intellect employing as a working hypothesis a theory which 
has always been false, and new is demonstrably false. It was not 
science, 

Now if, while scientific men are employing working hypotheses 
merely as such, men representing religion fly at them as if they were 
holding those hypotheses as science, or if men representing science do 
set forth these hypotheses as if they were real knowledge of truth, 
and proceed to defend them as such, then much harm is done in all 
directions. 

In the first instance, the religious man shows an impatience which 
is irreligious. ‘ He that believeth doth not make haste.” It is unfair 


SCIENCE AND RELIGION. 437 


to criticise any man while he is doing. Let him do what he will do; 
then criticise the deed. The artist has laid oue pigment ou his palette, 
and he is criticised Jefore it is known what others he intends to mix 
with it, to procure what shade, to produce what effect. Wait until 
all the paint is on the canvas, and the artist has washed his brushes 
and drawn the curtain from his picture; then eriticise the picture. 

This impatient and weak criticism on the part of religious men is 
injurious to scientific progress, as well as to the progress of religion, 
For the latter, it makes the reputation of unfairness; for the former, 
it does one of two bad things: it obstructs free discussion among stu- 
dents of science, or pushes them into a foolish defiance of religion. 
Men must co-work with those of their own sphere of intellectual 
labors. They must publish guesses, conjectures, hypotheses, theorics. 
Whatever comes into any mind must be examined by many minds. 
It may be true, it may be false ; there must be no prejudgment. Now 
if, because our scientific men are discussing a new view, our religious 
men fly among them and disturb them by crying “ Heresy !” ‘ Intidel- 
ity!” “ Atheism!” those students must take time to repel the charges, 
and thus their work be hurt. If let alone, they may soon abandon 
their false theory. Certainly, if a proposition in science be false, the 
students of science are the men likeliest to deteet the falsehood, how- 
ever unlikely they may be to discover the truth that is in religion, 
Nothing more quickly destroys an error than to attempt to establish 
it scientifically. 

The premature cries of the religious against the scientifie have 
also the effect of keeping a scientific error longer alive. Through 
sheer obstinacy the assailed will often hold a bad position, which, if 
not attacked, had been long ago abandoned. And we must have nv- 
ticed that Nature seems quite as able to make scientific men obstinate 
as grace to do this same work for the saints, 

No man should be charged with being an atheist who does not, in 
distinct terms, announce himself to be such; and in that case the 
world will believe him to be too pitiful a person to be worth assailing 
with hard words. But as you may drive a man away from you by 
representing him as your enemy, so 2 scientific man may be driven 
from the Christian faith, if convinced that the Christian faith stands 
in the way of free investigation and free discussion ; or, he may hold 
on to the faith because he has brains enough to see that one may be 
most highly scientific and most humbly devout at the same time; but 
by persecution he may be compelled to withdraw from open commun- 
ion with “those who profess and call themselves Christians.” Then 
both parties lose—what neither can well afford to lose—the respect 
and help which each could give the other, When the son of a reli- 
gious teacher turns to the works of aman whom he has heard that 
father denounce, and finds in any one page of those books more high 
religious thought than in a hundred of his father’s commonplace dis- 
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courses, a sad state of feeling is produced, and many mistakes are 
likely to follow. 

Sir William Hamilton’s definition of science has for genes “a com- 
plement of cognitions,” and for differentia “logical perfection of 
form,” and “real truth of matter.” The definition is a demand for a 
certain fulness. We can only conjecture, in the case of any particu- 
lar science, how much knowledge such aman as Sir William Iamil- 
ton would regard as a “complement.” But students of science do 
well to remind themselves that it is impossible to exceed, and very 
difficult to succeed, and the easiest thing imaginable to fall short. In 
other words, we have never been able to collect more material of 
knowledge than the plan of any temple of science could work tr, and 
really did not demand for the completion of the structure, and that 
very few temples of science have been finished, even in the ontline, 
while all the plain of thought is covered by ruins of buildings begun 
by thinkers, but unfinished for want of more knowledge. Even where 
there has been gathered a sufficient amount of knowledge to be 
wrought by the logical understanding into the form of a science, so 
that such a mind as Hamilton’s would admit it as a science—i. e., a 
sufficient complement of cognitions of truths put in logical form—an- 
other age of labor, in other departments, would so shrink this science 
that, in order to hold its rank, it would have to work in the matter of 
more knowledge, and, to preserve its symmetry, be compelled to re- 
adjust its architectural outlines. In other words, what is science to 
one age may not be science to its successor, because that successor 
may perceive that, although its matter had the character of real truth, 
and its form the character of logical perfection, as far as it went, nev- 
ertheless, there were not enough cognitions; not enough, just because 
in the later age it was possible to obtain additional cognitions, which 
could not have been obtained earlier. 

And, in point of fact, has not this been the history of each of the 
acknowiedged sciences? And ean any significance be assigned to 
Sir William Wamilton’s definition without taking the word “ comple- 
ment ” to mean all the cognitions possible at the time? Now, unless 
at one time men have more cognitions of any subjeet than at another 
time, one of two things must be true: either (1) no new phenomena 
will appear in that department, or (2) no abler observer will arise. 
But the history of the human mind in the past renders both supposi- 
tions highly improbable. If no new phenomena appear, we shall have 
observers abler than have existed, because, although it were granted 
that no fresh accessions of intellectual power came to the race, each 
new generation of observers would have increased ability, because 
each would have the aid of the instruments and methods of all prede- 
cessors. When we go back to consider the immense labor performed 
by Kepler in his investigations which led to his brilliant discoveries, 
we feel that if his nerves had given way under his labors, and domes- 


SCIENCE AND RELIGION. 439 


tic troubles, and financial cares, or his industry had been jnst a little 
less tenacious, he would have failed in the prodigious calculations 
which led him to his brilliant discoveries, and gave science such a 
great propulsion, Just five years after the publication of Kepler’s 
“New Astronomy” the Laird of Merchison published, in Scotland, 
his “ Mirifict Logarithmorum Canonis Descriptio.” If Kepler had 
only had Napier’s logarithms! But sueceeding students have enjoyed 
this wonderful instrumental aid, and done great mental work with less 
draught on their vital energies. 

The very facts, then, which make us proud of modern science 
should make scientific men very humble. It will be noticed that the 
most arrogant cultivators of science are those who are most ready to 
assail such religious men as are rigid, and hold that nothing can be 
added to or taken away from theology; and such scientific men make 
this assault on the assumption that physical sciences are fixed, cer- 
tain, and exact. How ridiculous they make themselves, a review of 
the history of any science for the last fifty years would show. Is 
there any department of physical science in which a text-book used a 
quarter of a century ago would now be put into the hands of any stu- 
dent? The fact is that any man, who is careful of his reputation, has 
some trepidation in issuing a volume on science, lest the day his pub- 
lishers announce his book the morning papers announce, also, a dis- 
covery which knocks the bottom ont of all his arguments. This 
shows the great intellectual activity of the age—a matter to rejoice 
in, but it should also promote humility, and repress egotism in al! 
well-ordered minds. There is, probably, no one thing known in its 
propertics and accidents, in its relations to all abstract truths and 
concrete existence. No one thing is exactly and thoroughly known 
by any man, or by all men. Mr. Herbert Spencer well says: “ Mneh 
of what we call science is not exact, and some of it, as physiology, 
can never become exact” (“Recent Discussions,” p. 158). He might 
have made the remark with greater width, and no less truth, since 
every day accumulates proof that. that department of onr knowledge 
which we call the exact sciences holds an increasingly small propor- 
tion to the whole domain of science. 

There is one important truth which seems often ignored, and which 
should frequently be brought to our attention, viz., that the proposi- 
tions which embody our science are statements not of absolute truths, 
but of probabilities. Probabilities differ. There is that which is 
merely probable, and that which is more probable, and that which is 
still much more probable, and that which is so probable that our 
faculties cannot distinguish between this probability and absolute cer- 
tainty ; and so we act on it as if it were certain. But it is still only 
a “probability,” and not a “certainty.” It seems as though it would 
forever be impossible for us to determine how near a probability can 
approach a certainty without becoming identical with that certainty, 
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Ts not all life a discipline of determining probabilities? It would 
seem that God intends that generally the certainties shall be known 
only to himself. Ife has probably shown us a very few certainties, 
more for the purpose of furnishing the idea than for any practical pur- 
pose, us absolute certainty is necessary for hin, while probabilities 
are sufficient for us. <All science is purely a classification of proba- 
bilities. 

We do not Anow that the same result will follow the same act in 
its several repetitions, but believe that it will; and we believe it so 
firmly that if a professor had performed a successful experiment be- 
fore a class in chemistry, he would not hesitate to repeat the experi- 
ment after a lapse of a quarter of a century. Scientific men are not 
infidels. Of no men may it be more truly said that they “ walk by 
faith.” They do not creep, they mareh. Their tread is on made 
ground, on probabilities; bat they believe they shall be supported, 
and according to their faith so is it done unto them. 

And no men better know than truly scientific men that this prob- 
ability can never become certainty. Iu the wildest dreams of fanati- 
cism—and there are fanaties in the laboratory, as there are in the 
sanctuary of God and in the temple of Mammon—it has never been 
beHeved that there shall come a man who shall know all things that 
are, all things that have been, all things that shall be, and all things 
that can be, in their properties, their attributes, and their relations, 
Until such a man shall arise, science must always be concerned with 
the cognition of that which is the real truth as to probabilities, or 
with probable cognitions of that which is not only real truth, but ab- 
solute truth, A scientifie writer, then, when he states that any prop- 
osition has been “ proved,” or anything “ shown,” means that it has 
been proved probable to some minds, or shown to some—perhaps to 
all—intelligent persons as probable. If he have sense and inodesty, 
he ean mean no more, although he does not cumber his pages or his 
speech with the constant repetition of that which is to be presumed, 
even as a Christian in making his appointments does not always say 
Deo volente, because it is understood that a Christian is a man always 
seeking to do what he thinks to be the will of God, in submission to 
the providence of God. 

A scientific man ridicules the idea of any religious man claiming 
to be orthodox.” It must be admitted to be ridiculous, just as ridic- 
ulous as would be the claim of a scientific man to absolute certainty 
and unchangeableness for science. The more truly religious 2 man 
is, the more humble he is; the more he sees the deep things of God, 
the more he sees the shallow things of himself. He claims nothing 
positively. We certainly does not make that most arrogant of all 
claims, tle claim to the prerogative of infinite intelligence. There 
ean exist only one Being in the universe who is positively and abso- 
lutely orthodox, and that is God. Jn religion, as in science, we walk 
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by faith; that is, we believe in the probabilities sufliciently to act 
upon them. 

So far from any conflict being between science and religion, their 
bases are the same, their modes are similar, and their ends are identi- 
eal, viz., what all life seems to be, that is, a discipline of faith. 

It is not proper to despise knowledge, however gained : whether 
from the exercise of the logical understanding, or from consciousness, 
or from faith; and these are the three sources of knowledge. That 
which has been most undervalued is the chief of the three; that is, 
faith. 

We believe before we acquire the habit of studying and analyzing 
our consciousness. We believe before we learn how to conduct the 
processes of our logieal understanding, 

We can have much knowledge by our faith without notice of our 
conscionsness, and without exertion of our reasoning faculties; but 
we can have no knowledge without faith, We can learn nothing from 
our examination of any consciousness without faith in some principle 
of observation, comparison, and memory, We ean acquire no knowl- 
cdge by our logical understanding without faith in the laws of mental 
operations. 

This last statement, if true, places all science on the same basis 
with religion, Although so familiar to many minds, we may take 
time to show that it is true. 

For proof let us go to a science which is supposed to demonstrate 
all its propositions, and examine a student in geometry, We will not 
call him out on the immortal 47: I of Euelid. We can learn all we 
need from a bright boy who has been studying Euclid a week. The 
following may represent our colloquy: 

Q. Do you know bow many right angles may be made by one 
straight line upon one side of another straight line ? 

A, Yes; two, and only two. Inuumerable angles may be made 
by two straight lines so meeting, but the sum of all the possible an- 
gles will be two right angles, 

Q. You say you know that. Ifow do you know that you know it? 

A, Beeause I can prove it. A man knows every proposition 
which he can demonstrate. 

@. Please prove it to me. 

The student draws the well-known diagrams. If he follows Eu- 
clid, he begins with an argnment like this: 

A, There are obviously two angles made when a straight line 
stands on another straight tine, 

Q. My eyes show me that, 

In answer he gives us the well-known demonstration of Euclid, 
to show that the sum of the two angles is equal to two right angles; 
and, when he bas finished and reached the Q, E. D., he and his exam- 
iners Anow that this proposition is true, because he has proved it. 
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But when we examine his argument we find that he has made three 
unproved assumptions—namely : 1, That a thing cannot at the same 
time Je and not be; 2. That if equals be added to equals, the wholes 
are equal; 3. That things which are equal to the same are equal to 
one another. It so happens that cach of these propositions which he 
has assumed to be true is, if true, much more important than the 
proposition which he has proved. Let us point out these three as- 
sumptions to our bright student, and then resume our catechism. 

Q. Could you possibly prove this proposition in geometry if any 
one of those three assumed propositions were not granted ? 

al, No. 

Q. Then, if we deny these assumptions, can you prove them ? 

A, No; but can you deny them? 

No, we cannot deny them, and cannot prove them; but we be- 
lieve them, and therefore have granted them to you for argument, 
and know your proposition of the two right angles to be true, because 
you have proved it, 

Now, here is the proposition which Euelid seleeted as the simplest 
of all demonstrable theorems of geometry, in the demonstration of 
which the logical understanding of a student cannot take the first step 
without the aid of faith. 

From the student let ns go to the master. We go to such a teacher 
as Euclid, and in the beginning he requires us to believe three propo- 
sitions, without which there can be no geometry, but which have 
never been proved, and, in the nature of things, it would seem never 
could be proved—namely, that space is infinite in extent, that space 
is infinitely divisible, and that space is infinitely continuous, And 
we believe them, and use that faith as knowledge, and no more dis- 
trust it than we do the results of our logical understandings, and are 
obliged to admit that geometry lays its broad foundations on our 
faith. 

Now, geometry is the science which treats of forms in their rela- 
tions in space. The value of such a science for intellectual culture 
and practical life must be indescribably important, as might be shown 
in a million of instances. No form can exist without boundaries, no 
boundaries without lines, no line withont points. The beginning of 
geometric knowledge, then, lies in knowing what a“ point” is, the 
existence of forms depending, it is said, upon the motion of points. 
The first utterance of geometry, therefore, must be a definition of a 
point. And here it is: “A point is that which has no parts, or which 
has no magnitude.” At the threshold of this science we meet with a 
mystery. “ A point is”—then, it has existence—‘is” what? In 
fact, in form, in substance, it is nothing. A logical definition requires 
that the genus and differentia shall be given. What is the genus of a 
“point?” Position, of course. Its differentia is plainly seen. It is 
distinguished from every thing else in this, that every thing else is 
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something somewhere, and a point is nothing somewhere ; every thing 
AS some Characteristic, a point has xoxe. «AA point is visible or in- 
visible. Js it visible? Then we can see that which is without parts 
or magnitude. What is it we see when we do not sce any part, do 
not see any magnitude? Is it substantial or ideal? If substantial, 
how do we detect its substantial existence ? If ideal, how ean an idea 
have motion, and by simple motion become a substantial existence ? 
Are we not reduced to this? Ideals produce substantials, or invisible 
substantials, upon motion, produce visible substantials ; or that which 
is necessary to matter—namely, form—owes its existence to that 
which is neither substantial nor ideal—to nothing, in fact. The eutire 
and sublime science of geometry, at one time the only instrument of 
culture among the Grecks, and so esteemed by Plato that he is said to 
have written over his door, “ Let no one enter here who does not know 
geometry,” in all its conceptions, propositions, and demonstrations, 
rests upon the conception of that which has no parts, no magnitude. 
The old saw of the school-men was, “Le nihilo nihil fit.” Tf each 
visible solid owes its form to superficies, and each superficies its form 
to lines, and each line its form to a point—and a point has no form, 
because it has no parts—then, who shall stone the man that cries out, 
“ Ee nihilo geometria fit?” 

But lay the first three definitions of geometry side by side: 1. “A 
point is that which has no parts, or which has no magnitude.” 2. “A 
line is length without breadth.” 3, ‘The extremities of a line are 
points.” Study these, and you will probably get the following re- 
sults: That which has no parts produces all the parts of that which 
occupies space without occupying space, and which, although it occu- 
pies no space, has extremities, to the existence of which it owes its 
own existence; and those extremities determine the existence of that 
which has parts made up of multiplications of its extremities which 
have no parts. Now, you must know at least that mneh, or else stay 
out of Plato’s house. 

This useful science, without which men could not measure their 
little plantations, or construct their little roads on earth, much less 
traverse and triangulate the ample ficlds of the skies, lays for its 
necessary foundation thirty-five definitions, three postulates, and 
twelve axioms, the last being propositions which no man has ever 
proved; and these fifty sentences contain as much that is incompre- 
hensible, as much that must be granted without being proved, as much 
that must be believed, although it cannot be proved, as can be found 
in all the theological and religious writings from those of John Scotus 
Erigina down to those of Richard Watson, of England, or Charles 
Hodge, of Princeton, 

Does any man charge that this is a mere logical juggle? Then he 
shall be called upon to point out wherein it differs from the methods 
of those who strive to show that there is a real conflict between real 
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scienee and real religion, If any man shall charge me with being an 
infidel as touching geometry, and try to turn me out of the church of 
science, I shall become hotly indignant, because I know that Euelid 
did not believe more in geometry than J do, and I believe as much in 
the teachings of geometry as I do in the teachings of theology, 
regarding them both, as Aristotle did, as mere human sciences, rank- 
ing theology with psychology, geology, and botany. And, being by 
profession a theologian, I certainly believe in theology. 


And this brings us back to what was stated in the beginning, as 
one of the causes of this ery of “conflict.” It is the confounding of 
theology with religion, Theology is not religion any more than psy- 
chology is human life, or zodlogy is animal life, or botany is vege- 
table life. Theology is objective; religion is subjective. Theology is 
the scientific classification of what is known of God; religion is a 
loving obedience to God’s commandments. Every religious man 
must have some theology, but it does not follow that every theologian 
must have some religion. We never knew a religious man without 
some kind of a theology, nor can we conecive such a ease. But we 
do know some theologians who have little religion, and some that 
seem to have none. There may be a conflict between theology and 
some other sciences, and religious men may deplore thaé conflict, or 
may not, according to their measure of faith. There are those whose 
faith is so large and strong that they do not deplore such a con- 
flict, because they know that if, for instance, a confliet should come 
between geology and theology, aud geology should be beaten, it will 
be so much the better for religion; and if geology should beat the- 
ology, still so much the better for religion: according to the spirit of 
the old Arabic adage, Lf the pitcher full on the stone, so much the 
worse for the pitcher, and tf the stone fall on the pitcher so much the 
worse for the pitcher. Geologists, psychologists, and theologists, 
must all ultimately promote the cause of religion, beeanse they must 
confirm one another’s truths, and explode one another’s errors; and a 
religious man is a man whose soul longs for the truth, who loves 
truth because he loves God, who knows if the soul be sanctified it 
must be sanctified by the truth, even as the mind must be enlarged 
and strengthened by the truth. Ie knows and feels that it would be 
as irreligious in him to reject any truth found in Nature, as it would 
be for another to reject any truth found in the Bible. 

But there is no necessary conflict between even theology and any 
other science. Theology has to deal with problems into which the 
element of the infinite enters. It will therefore have concepts some 
two of which will be irreconcilable, but not therefore contradictory. 
For instance, to say that God is “an infinite person” is to state the 
agreement of two concepts which the human mind is supposed never 
to have reconciled, and never to be able to reconcile. But they are 
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not contradictory, If one should say that there is in the universe a 
cirenlar triangle, we should deny it, not because the concept of a tri- 
angle is dreconcilable with the concept of a circle, as consistent in the 
same figure, which is quite true, but because they are contrudictory. 
What is irreconcilable to you may be reeoncilable to another mind, 
because “irreconcilable” indicates the relation of the concept to the 
individual intellect; but what is contradietory to the feeblest is con- 
tradictory to the mightiest mind, because “ contradictory ” represents 
the relation of the concepts to one another. 

In the definition of a person there is nothing to exclude infinity, 
and in the definition of éjinite there is nothing to exclude personality. 
There is no more exclusion between “ person” and “ infinite ” than 
between “line” and “infinite;” and yet we talk of infinite lines, 
knowing the irreeoncilability of the ideas, but never regarding them 
as contradictory. 

Writers of great ability sometimes fall into this indiserimination. 
For instance, a writer whom J greatly admire, Dr. Hill, former Presi- 
dent of Harvard College, in one paragraph (on “The Uses of Mathesis,” 
in Bibliotheca Sacra), seems twice to employ “ contradictory” in an 
illogical sense, even when he is presenting an illustration which goes 
to show most clearly that in other seiences, as well as in theology, 
there are propositions which we cannot refuse to accept, because they 
are not contradictory, although they are irreconcilable; in other 
words, that there are irreconcilable concepts which are not contra- 
dictory, for we always reject one or the other of two contradictory 
concepts or propositions. 

That is so striking an illustration of the mystery of the infinite 
that I will reproduce it. On a plane imagine a fixed line, pointing 
north and south. Intersect this at an angle of ninety degrees by 
another line, pointing east and west. Let this latter rotate at the 
point of intersection, and at the beginning be a foot long. At each 
approach of the rotating line toward the stationary line let the former 
double its length. Let each approach be made by bisecting the angle. 
At the first movement the angle would be forty-five degrees, and the 
line two feet in length; at the second, the angle twenty-two and onc- 
half degrees, and the line four fect; at the third, the angle eleven and 
one-fourth degrees, and the line eight feet; at the fourth, the angle 
five and five-eighths degrees, and the line sixteen feet; at the fifth, the 
angle two and thirteen-sixteenths decrees, and the line thirty-two feet, 
and so on. Now, as this bisecting of the angle can go on indefinitely 
hefore the rotating line can touch the stationary line at all its points, 
it follows that before such contact the rotating line will have a length 
which cannot be stated in figures, and which defies all human compu- 
tation. It can be mathematically demonstrated that a line so rotating, 
and increasing its length in the inverse ratio of its angle with the me- 
ridian, will have its end always receding from the meridian and ap- 
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proaching a line parallel to the meridian at a distance of 1.5708. We 
can show that the rotating line can cross the stationary line by making 
it do so as on a watch-dial, and yet we can demonstrate that if it be 
extended indetinitely it cau never touch the stationary line, nor come 
at the end even as near as cighteen inches to it. 

Here are two of the simplest human conceptions, between which 
we know that there is no contradiction, rendered absolutely irrecon- 
ciluable to the human intellect by ‘the introduction of the infinite. 
There is no religion here, And yet there is no mystery in cither 
theology or religion more mysterious than the mystery of the infinite, 
which we may encounter whenever we attempt to set our watches to 
the right time if they have run more than an hour wrong. 

Another error has been the occasion of this ery of “ conflict.” It 
is the confounding of “the Church” with “religion.” This confusion 
has led many an honest soul astray, and is the fallacy wherewith 
shrewd sophists have been able to overthrow the faith of the ignorant. 
Tf the Churech—and, in all my treatment of this topic, I must be un- 
derstood as using “the Church,” not as signifying “the holy Church 
universal,” bnt simply in the sense in which antagonistic scientists 
employ it—if the Church and religion be the same, the whole argu- 
ment must be given up, and it must be admitted that there is a con- 
flict between religion and science, and that religion is in the wrong. 
Churehmen are guilty of helping to strengthen, if indeed they are 
not responsible for creating, this error. It has at length been pre- 
sented plumply to the world in the book of Prof. J. W. Draper, enti- 
tled a “ Tistory of the Conflict between Religion and Science.” The 
title assumes that there is such a conflict. See how it will read with 
synonyms substituted: “ History of the Conflict between Loving 
Obedience to God’s Word and Intelligent Study of God’s Works.” 
Does Dr. Draper believe there is such a conflict? It is not to be 
supposed that he does. How, then, did he come to give his book such 
a title? From a confusion of terms, as will be observed by the peru- 
sal of three successive sentences in his preface; “The papacy repre- 
sents the ideas and aspirations of two-thirds of the population of Eu- 
rope. It insists on a political supremacy, .... loudly declaring 
that it will accept no reconciliation with modern civilization. The 
antagonism we thes witness between religion and science,” etc. Now, 
if “the papacy ” and “religion ” be synonymous terms, representing 
equivalent ideas, Dr. Draper’s book shows that all good men should 
do what they can to extirpate religion from the world; but if they 
are not—and they are not—then the book is founded on a most hurt- 
ful fallacy, and must be widely mischievous, Their share of the re- 
sponsibility for the harm done must fall to churelimen. 

No, these are not synonymous terms. “The Church” is not reli- 
gion, and religion is not “the Church.” There may be a chureh and 
no religion; there may be religion and no church, as there may be an 
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aquednet without water, and there be water without an aqueduct. 
God makes water, and men make aqueducts. Water was before aqne- 
ducts, and religion before ehurches, God makes religion, and men 
make churehes. here are irreligious men in every church, and there 
are yery refigions men in no church, Any visible, organized church 
is a mere human institution. It is useful for the purpose of propagat- 
ing religion so long as it confines itself to that function and abstains 
from all other things. The moment it transeends that Innit, it is an 
injurious institution, In cither case it is merely human, and we 
wrong both religion and the Church wheu we claim for the latter that 
it is not a human institution. The Chureh of England is as much a 
human institution as the Royal Society ; and the same may be said of 
the Church of Rome and the Royal Florentine Academy. A chureh 
is as much an authority in matters of religion as a society is in mat- 
ters of science, aud no more. “The Church” has often been opposed 
to science, and so it has to religion; but “the society” has often 
been opposed to religion, and so it has to seience, “The Church,” 
both before and since the days of Christ, has stood in opposition to 
the Bible, the text-book of Jewish and Christian religionists, quite as 
often as it has to scienee. But “the society,” or “the academy,” has 
stood in opposition to science quite as often as it has to religion. 
Sometimes the sin of one has been laid upon thie other, and sometimes 
the property of one has been scheduled as the assets of the other. It 
is time to protest, in the interests of the truth of God, and in the 
name of the God of truth, that religion no longer be saddled with 
all the faults of the churchmen, all the follies of the scientists, and 
all the crimes of the politicians. It was not religion which bronght 
Galileo to his humiliatiug retraction, about which we hear so much 
declamation ; it was “the Church.” 

But why should writers of the history of science so frequently 
conceal the fact that “the Church ” was instigated thereunto not by 
religions people, but scientific men—by Galileo’s colluborateurs ? It 
was the jealousy of the scientists which made use of the bigotry of 
the churchmen to degrade a rival in seience. They began their at- 
tacks not on the ground that religion was in danger, but on such sei- 
entific grounds as these, stated by a professor in the University of 
Padua—namely, that as there were only seven metals, and seven days 
in the week, and seven apertures in man’s head, there could be only 
seven planets! And that was some time before these gentlemen of 
selence had instigated the sarcastic Dominican monk to attempt to 
preach Galileo down under the text, Wirt Galilet, quid statis adspi- 
clientes tr coelune ? 

In like manner, politicians have used “the Church” to overthrow 
their rivals. “The Chureh” is the engine which has been turned 
against freedom, against science, against religion, It would be as 
logical and as fair to lay all “ the Church’s”” outrages against human 
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rights aud intellectual advancement at the door of religion as it would 
be to lay all its outrages against religion at the door of science and 
government, becanse “the Church” has scldom slaughtered a holy 
martyr to the truth without cmploying some forms of both law and 
logic. 

Science exists for the sake of religion, and because of religion. 
If there had been no love for God in the human race, there had been 
no study of the physical universe. The visible cosmos is God’s love- 
letter to man, and religion seems to probe every corner of the sheet 
on which such love is written, to examine every phrase, and study 
every connection, A few upstarts of the present day, not the real 
men and masters of science, ignore the fact that almost every man 
who has made any great original contribution to science, since the 
revival of letters, was a very religions man; but their weak wicked- 
ness must not be charged to science any more than the wicked weak- 
hess of ecclesiastics to religion. 

Copernicus, who revolutionized astronomy, was one of the purest 
Christians who eyer lived—a simple, laborions minister of religion, 
walking beneficently among the poor by day, and living amoug the 
stars by night; and yet one writer of our day has dared to say, in 
what le takes to be the mterest of science, that Copernicus was 
“aware that his doctrines were totally opposed to revealed truth.” 
Was anything worse ever perpetrated by theologian, or even ecelesi- 
astie? Could avy man believe in any doctrine which he Anew was 
opposed to any truth, especially if he believed that God had revealed 
that truth? It were impossible, especially with a man having the 
splendid intellect and the pure heart of Copernicus, who died believ- 
ing in his “De Orbium Ceelestiun Revolutionibus,” and also in the 
Bible. And this is the inscription which that humble Christian or- 
dered for his tomb: “ Von parem Puulo veniam reguiro, gratium 
Petri neque posco ; sed quan in erucis ligno dederis latront, sedulus 
oro.” 

Tycho Brahe, who, although he did not produce a system which 
won acceptance, did, nevertheless, Jay the foundation for practical 
astronomy, and build the stairs on which Kepler mounted to his grand 
discoveries, was 2 most religions man. IIe introduces into one of his 
scientific works (“ Astronomice Instauratio Mechanica,” p. A) this 
sentence; “No man can be made happy, aud enjoy immortal life, 
but through the merits of Christ, the Redeemer, the Son of God, and 
by the study of his doctrines, and imitation of his example.” 

John Kepler was a man in whose life the only conflict between 
science and religion seemed to be as to which shonld yield the most 
assistance to the other. Ife wrought as under Luther’s motto, 
“ Orasse est studisse.” We prayed before he worked, and shouted 
afterward, The more he bowed his soul in prayer, the higher his in- 
tellect rose in its discoveries ; and, as those discoveries thickened on 
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his head, it bowed in humbler adoration. And so that smgle man was 
able to do more for science than all the irreligious scientists of the last 
three centuries have accomplished, while he bore an appalling load of 
suffering with a patience that was sublime, and, dying, left: this epi- 
taph for his tombstone: “ Ln Christo pie obtit.” 

Of Sir Isaac Newton’s, and Michael Faraday’s, and Sir William 
Hamilton’s, and Sir James Y. Simpson’s religious life, not to mention 
the whole cloud of witnesses, we need not tell what is known to all 
men. But the history of science shows that not the most gifted, not 
the most learned, not the most industrious, gain the loftiest vision, but 
that only the pure in heart see God. And all true science is a new 
sight of God, 

Herbert Spencer says: * Science may be ealled an extension of the 
pereeptions by means of reasoning” (* Recent Diseussions,” p. 60). 
And we may add, religion may be called an extension of the percep- 
tions by means of faith. And having so said, have we not para- 
phrased Paul? “Faith is contidence in things hoped for, conviction 
ot things not seen” (Ileh. xi, 1). Science has the finite for its do- 
main, religion the infinite ; science deals with the things seen, and re- 
ligion with the things not seen, When Dr, Hntton, of Edinburgh, 
announced, in the last eentury, “In the economy of the world I can 
find no traces of a beginning, no prospect of an end,” it is said that 
scientific men were startled and religious men were shocked. Why 
should they be? The creation of the universe and its end are not 
questions of scienee, and can be known only as revealed to faith. 
And so Paul says: “Through faith we apprehend intellectually that 
the worlds have heen framed by the word of God, so that that which 
is seen may have sprung from that which is not seen ” (Heb. xi. 3). 


PLASTICITY OF INSTINCT. 
By GEORGE J. ROMANES. 


Nee that the doctrine which is maintained by Mr. Douglass A. 
Bt Spalding on this subject has proved itself so eompletely vie- 
torious in overcoming the connter-doctrine of “the individual-experi- 
ence psychology ”—and this along the whole line both of fact and 
theory—it seems unnecessary for any one to adduce additional facts 
in confirmation of the views which Mr. Spalding advocates.’ T shall 
therefore confine myself to detailing a few results yielded by experi- 
ments which were designed to illustrate the subordinate doctrine thus 
alluded to in Mr. Spalding’s article: 


! See Poputar Science Monraty for January, 1876. 
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“Though the instincts of animals appear and disappear in such 
seasonable correspondence with their own wants and the wants of 
their offspring as to be a standing subjeet of wonder, they have by 
no means the fixed aud unalterable character by which some would 
distinguish them from the higher faculties of the human race. They 
vary in the individuals as does their physical structure. Animals can 
learn what they did not know by instinet, and forget the instinctive 
knowledge which they never learned, while their instincts will often 
accommodate themselyes to considerable changes in the order of 
external events. Everybody knows it to be a common practice to 
hatch duck’s-cggs under a common hen, thongh in snch cases the hen 
has to sit a week longer than on her own cges, I tried an experiment 
to ascertain how far the time of sitting could be interfered with in 
the opposite direction. Two hens beeame broody on the same day, 
and [ set them on dummies. On the third day I put two ehicks a day 
old to one of the hens. She pecked at them once or twice, seemed 
rather fidgety, then took to them, called them to her, and entered on 
all the cares of a mother. The other hen was similarly tried, but 
with a very diferent result. She pecked at the chickens viciously, 
and both that day and the next stubbornly refused to have anything 
to do with them,” etc. 

It would have been well if Mr. Spalding had stated whether these 
two hens belonged to the same breed; for, as is of course well known, 
different breeds exhibit great variations in the character of the ineu- 
batory instinct. ere, for instance, is a eurious case: Spanish hens, 
as is notorious, searcely ever sit at all; but I have one purely-bred 
one, just now, that sat on dummies for three days, after which time 
her patience became exhansted. IJLowever, she seemed to think that 
the self-sacrifice she had undergone during these three days merited 
some reward, for, on leaving the nest, she turned foster-mother to all 
the Spanish chickens in the yard. These were sixteen in number, and 
of all ages, from that at which their own mothers had just lett them 
up to full-grown chickens. It is remarkable, too, that although there 
were Brahma and Hamburg chickens in the same yard, the Spanish 
hen only adopted those that were of her own breed. It is now four 
weeks since this adoption took place, but the mother as yet shows no 
sigus of wishing to cast of her heterogeneons brood, notwithstanding 
some of her adopted chickens have grown nearly as large as herself. 

The following, however, is a better example of what may be called 
plasticity of imstinct: Three years ago I gave a pea-fowl’s egg to a 
Bralima hen to hatch. ‘The hen was an old one, and had previously 
reared many broods of ordinary chickens with unusual snecess even 
for one.of her breed. In order to hatch the pea-chick she had to sit 
one week longer than is requisite to hateh an ordinary chick, but in 
this there is nothing very unusual, for, as Mr. Spalding observes, the 
same thing happens with every hen that hatches out a brood of duck- 
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lings.’ The object with which I made this experiment, however, was 
that of ascertaining whether the period of maternal care subsequent 
to incubation admits, under peeuliar conditions, of being prolonged ; 
for a pea-chick requires such eare for a very much longer time than 
does an ordinary chick. As the separation between a hen and her 
chickens always appears to be due to the former driving away the lat- 
ter when they are old enough to shift for themselves, I scarcely expect- 
ed the hen in this case to prolong her period of maternal care, and in- 
deed only tried the experiment because I thought that if she did so the 
fact would be the best one imaginable to show in what a high degree 
hereditary instinct may be moditied by peculiar individual experiences. 
The result was very surprising. For the enormous period of eighteen 
months this old Brahma hen remained with her ever-growing chicken, 
and throughout the whole of that time she continued to pay it unre- 
mitting attention, She never laid any eggs during this lengthened 
period of maternal supervision, and, if at any time she beeame acci- 
dentally separated from her charge, the distress of both mother and 
chicken was very great. Eventually the separation scemed to take 
place on the side of the peacock; but it is remarkable that, although 
the mother and chicken eventually separated, they uever afterward 
forgot each other, as usually appears to be the case with hens and 
their chickens. So long as they remained together the abnormal de- 
gree of pride which the mother showed in her wonderful chicken was 
most ludicrous; but I have no space to enter into details, It may be 
stated, however, that both before and after the separation the mother 
was in the habit of frequently combing out the top-knot of her son— 
she standing ona seat, or other eiminenee of suitable height, and he 
bending his head forward with evident satisfaction. This faet is par- 
ticularly noteworthy, because the practice of combing out the top- 
knot of their chickens is customary among pea-hens. In conclusion, I 
may observe, that the peacock reared by this Brahma hen turned ont 
a finer bird in every way than did any of his brothers of the same 
brood which were reared by their own mother, but that, on repeating 
the experiment next year with another Brahma hen and several pea- 
chickens, the result was different, for the hen deserted her family at 
the time when it is natural for ordinary hens to do so, and in conse- 
quenee all the pea-chickens miserably perished. 

T have just coneluded another experiment which is well worth 
recording: A bitch ferret strangled herself by trying to squeeze 
through too narrow au opening, She left a very young family of 
three orphans. These I gave, in the middle of the day, to a Brahina 
hen which had been sitting on dummies for about a month. She took 
to them almost immediately, and remained with them for rather more 


‘The greatest prolongation of the incubatory period I have ever known to oecur was 
in the ease of a pea-hen which sat very steadily on addled eggs for a period of four 
months, and had then to be foreed off in order to save her lite. 
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than a fortnight, at the end of which time J had to cause a separation, 
in consequence of the hen having suffocated one of the ferrets by 
standing on its neck, During the whole of the time that the ferrets 
were left with the hen the Lutter had to sit upon thencst ; for the young 
ferrets, of course, were not able to follow the hen about as chickens 
would have done. The hen, as might be expected, was yery much 
puzzled at the lethargy of her offspring. Two or three times a day 
she used to fly off the nest, calling upon her brood to follow ; but, upon 
hearing their cries of distress from cold, she always returned tmme- 
diately and sat with patience for six or seven hours more. I should 
have said that it only took the hen one day to learn the meaning of 
these cries of distress; for after the first day she would always run in 
an agitated manner to any place where 1 concealed the ferrets, pro- 
vided that this place was not too far away from the nest to prevent 
her from hearing the eries of distress. Yet I do not think it would be 
possible to conceive of a greater contrast than that between the shrill 
peeping note of a young chicken and the hoarse growling notse of a 
young ferret. On the other hand, I cannot say that the young ferrets 
ever seemed to learn the meanings of the hen’s clucking. During the 
whole of the time that the hen was allowed to sit upon the ferrets 
she used to comb out their hair with her bill, in the same way as 
hens in general comb out the feathers of their chickens. While 
engaged in this process, however, she used frequently to stop and 
look with one eye at the wriggling nest-full with an inquiring gaze 
expressive of astonishment. At other times, also, her family gave her 
good reason to be surprised; for she used often to fly off the nest sud- 
denly with a loud seream—an action which was doubtless due to the 
unaccustomed sensation of being nipped by the young ferrets in their 
search for the teats. It is further worth while to remark that the hen 
showed so mnch uneasiness of mind when the ferrets were taken from 
her to be fed, that at one time I thought she was going to desert them 
altogether. After this, therefore, the ferrets were always fed in the 
nesi, and with this arrangement the hen was perfectly satistfied—ap- 
parently because she thonght that she then had some share in the 
feeding process. At any rate she used to eluek when she saw the milk 
coming, and surveyed the feeding with evident satisfaction. 

Altogether I consider this a very remarkable instance of the plas- 
ticity of instinct. The hen, it should be said, was a young one, and 
had never reared a brood of chickens. A few months before she 
reared the young ferrets she had been attacked and nearly killed by 
an old ferret which had eseaped from his hutch. The young ferrets 
were taken from her several days before their cyes were open. 

In conclusion I may add that, a few weeks before trying this ex- 
periment with the hen, I tried a similar one with a rabbit. In this 
case the ferret was newly born, and I gave it to a white doe-rabbit 
which had littered six days before. Unlike the hen, however, she per- 
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ceived the imposture at onee, and attacked the young ferret so savage- 
ly that she broke two of its legs before T could remove it. To have 
made this experiment parallel with the other, however, the two mothers 
ought to have littered onthe same day. In this case the result would 
probably have been different; for 1 have heard that under such cir- 
cumstances even such an intelligent mmimal as iabiteh may be deceived 
into rearing x cat, and vice versa.— Nature, 
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FLYING-MACHINES AND PENAUD'S ARTIFICIAL BIRD. 


TRANSLATED PROM THE JOURNAL DE VILYSIQUE, 


By ALFRED M. MAYER, 


PROFESSOR IN THE STEVENS INSTITUTE OF TECHNOLOGY, 


Ne Ole attempts have been made at different times to con- 
iE struct a machine capable of propelling itself throngh the air, 
All kinds of aérial propellers have in turn been tried; such as 
screws, beating wings, wabrellas which open and shut during their 
reciproeating motion, inclined planes, aérial wheels. But though 
many of these projects called forth considerable inventive ability, yet, 
until quite recently, the Aelicopteron (from éAicoc, any thing spiral or 
twisted, and wrepor, a wing—that is, a machine furnished with an 
atrial screw-propeller) was the only type of machine which had sue- 
ceeded in raising itself in flight. Several of these hehecopterons have 
been constructed since 1784, at which date Bienvenu made the first 
that flew. The best known and the most perfect was that which 
Ponton dAmécourt constructed in 1864, and which raised itself for 
a moment by a sadden motion to a height of two and a half metres. 
It was formed of two superposed right and left handed screws, put in 
motion by a wateh-spring. All other methods of artificial flight, in- 
cluding those of propellers with wings beating the air like those of a 
bird, remained ineffective, and were the subjects of conflicting hy- 
potheses as to the nature of flight. 

In beginning our studies, we have thought that the best means of 
getting rid of the multiplicity of hypotheses and of conflicting opinions 
would be to divide the flying-machines that have been invented into 
a small number of general types; then to reduce each of these types 
to its essential clements, and finally to design a flying-machine of each 
of these simpliticd types possessing all the really essential parts, and 
easy to construct. 

Leaving ont of consideration the inventions which are evi- 
dently defective, we have thought it possible to divide the majority 


1The Academy of Sciences of Paris, at its mecting in June, 1875, awarded to M. 
Pénaud a prize for the discoveries and inventions described in this article. 


454 THE POPULAR SCIENCE MONTHLY. 


of the systems of artificial flight into hel/copterons, areoplanes, and 
orthopterons (trom épOoc, straight, and mTepor, a wing). The helicop- 
terons sustain themselves by the aid of screws whose axes of rotation 
are nearly vertieal, They may he made to progress either by these 
vertical screws or by special screw-propellers. The arcoplanes have 
propelling surfaces which are nearly plane and slightly inclined to the 
horizon, A horizontal motion is given to these surfaces generally by 
means of screws. Finally, in the orthopterons, the propelling organs 
are surfaces moving in vertical directions, and generally having re- 
ciprocating motions. In this system are embraced the wings of birds 
and the moving surfaces of the tails of fishes. 

The knowledge of the resistance of the air appeared to us the 
only guide by which we could arrive at a thorough understanding of 
the manner in which a machine could sustain itself by the actions of 
its propelling snrfaces on this fluid. We entered upon an attentive 
study of several imperfectly-understood points appearing to us of 
‘apital importance; such as the sustaining screw, the aérial inclined 
plane, and the theory of the equilibrium of flying-machines. The 
screw-propeller was well understood from its effects in propelling ves- 
sels. These researches, which led ns to a small number of very simple 
general laws, permitted us to determine the manner of action and the 
proportions of the machines which we desired to construct. 

It remained to find a motor the easiest of application. Wood, 
whalebone, and steel, give forces which are at a minimum when re- 
ferred to their weight; caoutchone is much more powerful, but the 
framework necessary to resist its violent tension is necessarily quite 
heavy. We then conceived the idea of using the elasticity of the 
torsion of caoutchouc, which finally led to an easy, simple, and effec- 
tive method of constructing the models of flying-machines. 

We applied the new motor first to the helicopteron, after having 
previously investigated the curious and valuable actions of caoutchoue 
when subjected to various snecessive torsions, In April, 1870, we pre- 
sented models to M. de Ja Landelle which rose in flight to more than 
fifteen metres, hovering and fluttering through large inclined circles, 
and sustaining themselves during more than twenty seconds. 

The great superiority of these results over those obtained with 
preceding helicopterons encouraged us to apply our motor to other 
systems of artificial fight. On the 18th of Angnst, 1871, in the pres- 
ence of the Society of Aérial Navigation, we succeeded in making an 
areoplane fly with various velocities and in different directions, around 
one of the cireles of the garden of the Tuileries. The success of this 
machine in its ascending motions and in its perfect equilibrium gave 
the first suecessful exhibition of a machine on the areoplane type. 

Measured directly, and irrespective of any hypothesis, the force 
required to sustain and propel the areoplane and the helicopteron 
proved to be relatively moderate, and did not approach the fabulous 
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estimations previously given by Navier. This experiment demon- 
strated that the muscular strength of birds, althongh notably greater, 
for equal weights, than that of mammals, did not exceed a reasonable 
estimation. 

Our helicopterons and areoplanes which performed with suecess 
on the 2d of July, 1875, before the Physical Society, have a numerons 
offspring. They have been imitated with varions success by Crocé- 
Spinelli and MM. Montfallet, Pétard, and Tantin. 

The action of these machines, in fully confirming our ideas and 
calculations on the resistance of the atmosphere, enconraged us to 
attempt the construction of a mechanical bird with flapping wings. 
The diversity of the hypotheses as to the nature of flight, proposed in 
Franee and in England, though bearing witness to the difficultics to 
be met with in the construction of this mechanism, yet rendered the 
problem peculiarly interesting. 

The experiments heretofore made with meechanieal birds had been 
very discouraging, ML Artingstall and M. Marey had alone obtained 
effective results, M. Artingstall states that, some thirty years since, 
he had an artificial bird which flew at the end of a tube jointed on to 
a steam-boiler, M. Marey, whose beautiful physiological experiments 
are so well known, constructed, in 1870, artificial insects which, at- 
tached to a radial tube carrying a counterpoise equal to two-thirds of 
their weight, rose and flew in a cirele by the aid of their wings. The 
compressed air which set the wings in motion was conveyed to them 
through the radial tube from a compression-pump worked by hand. 
It remained to gain the two-thirds of the weight of the insect and to 
cause the latter to carry with it its motor instead of having the wings 
moved hy a foree conveyed to the insect from without, 

Kneompassed by the divers hypotheses of the action of the wing 
given by Borelli, Huber, Dutrochet, Stranss-Durckeim, Liais, Petti- 
grew, Marey, d’Esterno, De Lucy, Artingstall, ete., and in view of the 
very complicated motions they had assigned to that organ and to each 
of its quills—motions which are, for the most part, inimitable in a me- 
chanieal bird—we decided to reason out for ourselves, by relying on 
the laws of the resistance of the air and on some of the most simple 
faets of observation, what are the motions of the wing really necessary 
to flight. We found—l, A double oscillation, a depression, and an 
elevation of the wings transverse to the path of flight. 2. The change 
of the plane of the same during this double motion ; the lower surface 
of the wing facing below and behind during its depression, so as to 
sustain the bird, the same surface of the wing facing below and in 
front during its elevation, so that the wing is raised with the least re- 
sistanee by cutting the air with its edge while the bird flies. These 
movements, moreover, were admitted to be correct by a large num- 


' See Fig. 87, on page 202 of Marey’s “ Animal Mechanism,” published in the “ Inter. 
national Seientific Series.” 
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ber of observers, and have been concisely demonstrated by Strauss- 
Durekeim, Liais, and Marey. 

But, in considering the difficulty of the eoustruction of our me- 
ehanical bird, we were obliged, notwithstanding onr desire to make a 
machine which should be simple and easy to understand, to try to 
pertect those actions we have somewhat summarily deseribed. It is 
evident that the different parts of the wing, from its base to its extrem- 
ity, act on the air under very different conditions. The interior part 
of the wing, having small velocity, produces little propelling effect 
at any moment of its beat; but it is fur from being useless, and one 
may imagine how, by presenting its lower face downward and slightly 
faeing the front, it acts during the rapid translation of the bird, like a 
kite, as well while the wing is being elevated as during its down- 
ward motion, and thus sustaining in a continuous manner a portion of 
the weight of the bird. The middle portion of the wing has a junc- 
tion intermediate between that of the interior and that of the outer 
portion, or end, of the wing; so that the wing, during its action, is 
twisted on itself in a continuous manner from its base to its extrem- 
ity. The plane of the wing at its base varies but little during flight ; 
the plane of the median part of the wing is very much displaced on 
oue and the other side of its mean position ; finally, the outer part of 
the wing, and especially its tip, experiences considerable change of 
plane. This warping of the wing is modified at each instant during 
its elevation and depression, in the manner just indicated; at the 
extreme points of its beat the wing is nearly plane. The action of 
the wing is thus seen to be intermediate between that of an inclined 
plane and that of a screw with a very long and continually variable 
piteh. 

Notwithstanding the differences found to exist in the hypotheses 
of vanous authors when compared with one another and with the one 
just given, still one or the other of these writers confirms the greater 
portion of the ideas just advanced. Thus the torsion of the wing had 
already been pointed out by Dutrochet, and especially by Pettigrew, 
who long maintained this opinion; only he has taken, aeeording to 
our view, the change of form occurring during the elevation of the 
wing for that of the form oeeurring during its depression, and vice 
versa. ‘These authors clearly saw how the artiewations of the bones, 
the ligaments of the wing, the imbrication and elasticity of the quills, 
bring about the above result. M. d’Esterno had explained the con- 
tinnous effeet, like that of a kite, of the interior portion of the wing 
during its depression and elevation; and M, Marey had very appropri- 
ately designated that portion of the wing as “ passive,” at the same 
time, however, maintaining that the most important aetion of the 
wing during flight is due to a general change of its plane produced by 
the rotation of the humerus on itself. 

According to our view there is a sharp distinetion to be made be- 
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tween hovering and the ordinary flight of progression, while the am- 
plitude of the changes m the plane of the extremity of the wing is 
essentially a fanetion of the velocity of translation of the bird. At 
the extremity of the wing, where the most considerable changes of 
plane takes place, these changes cqual 90°, and even more, during hover- 
lug; but then displacements of plane are far less in the fight of pro- 
gression, According to our calculations the extreme portions of the 
surface of the terminal feathers of the crow’s wing are, during free 
flight, inclined forward during the depression of the wing only from 
7° to 11° below the horizontal, and from 15° to 20° above the hori- 
zontal plane during the clevation of the wing. The plane of the 
wing at its base acts during the above motions like a kite melined at 
an angle only of from 2° to 4°. 

It is easy to verify the slight inclination of the wing, and conse- 
quently the smallness of its angles of action in the air, by observing a 
flying bird moving in an horizontal line of sight, for we then see only 
the edges of the wings. It is, in short, inexact to say that the wing 
changes its plane ; we can barely say that it changes its planes, The 
truth is, that itis gradually more and more warped in going from its 
base to its extremity. It was so understood, indeed, by an English 
author, whose labors we became acquainted with after we had con- 
structed our bird, and to him we are indebted for having saved us 
several researches, The theory of Sir G. Cayley, published in 1810, 
differs from ours but ina few particulars. IZe is of the opinion that 
the outer portion of the wing in ascending exerts always a propulsive 
action, and he attributes to the propelling parts and to the sustain- 
ing, kite-hke parts of the wing, proportions which are relatively the 
reverse of those to which we have been led by our calculation. 

It was with these ideas, favorably judged of by the Academy in 
September, 1871, that we undertook the application of the torsion of 
caontchouc to the problem of the mechanical bird. The wings of our 
bird are made to beat in the same plane by means of a crank and con- 
neeting rods. After several rough trials, we found out that the trans- 
formation of motion in the machine required a mechanism very solid 
relatively to its weight, and I requested M. Tobert, an able mechanist, 
to constrnct out of steel a piece of mechanism designed by my brother, 
KE. Pénaud. The accompanying fignre represents the apparatus so 
constructed; C Cis the motor of twisted caoutchone placed above 
the rigid rod, Pl 21, which is the vertebral column of the machine; 
from this rod, at A and A, ascend two rigid forks, which serve below 
as supports for the crank, C &, which is attached to the twisted 
caontchouc; and above, at the ends of the forks at Oand O, are the 
pivots on which the wings oscillate. The Hnks, /@ WS, convert the 
motion of rotation of the crank into the reciprocating motion of the 
arms, OM LZ, OME. At Q is a steering-tail, which we found by 
experience was best made from one of the long feathers uf a peacock’s 
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tail, and which can be inclined npward, or downward, or to one side, 
and be loaded with wax so that the centre of gravity of the machine 
can be bronght to the proper position. 

The warping of the wings, O Z, is obtained by the mobility of 
the wing and of the little fingers, J7_V, supporting them on the large 
rods, O.W LF, whieh do not partake of this rotation, A little liga- 
ment of caontchoue, PY 2, connects the posterior interior angles ot 
the wings with the middle of the central rod of the machine. This 
ligament, whose function is stmilar to that of the posterior paws of’ the 
bat, plays the part of an clastic sheet to our wing, so closely resem- 
bling the topsail of a schooner. The torsions of the wing are thus 
automatically regulated, as required, by the combined action of the 
pressure of the air and of this clastic ligament. The interior third 
of the surface of the wing acts like a kite during the elevation as well 
as during the depression of the wing. The external two-thirds, cor- 
responding to the primary and secondary quills of birds, propel and 
sustain the machine during the downward motions of its wings. The 
little drawing in the corner shows the wings just about to begin their 
downward beat. During the elevation of the wing the terminal 
feathers conform to the sinusoidal track alone which they progress in 
the air; it thus only cuts the atmosphere without acting against it. 
To start the machine, we simply abandon it to itself in the air, 

This machine was exhibited before the Society of Atrial Naviga. 
tion on the 2d of June, 1872, and flew several times more than seven 
metres—the length of the public hall—raising itself in a continnous 
manner, with an aecelerated velocity, along a line of flight inclined 
15° to 20°. In an open space, the artificial bird flew over twelve to 
fifteen metres, elevating itself during this flight to about two metres. 
Another model, exhibited before the same society in October, 1874, 
flew in an horizontal line, vertically upward, and also ascended ob- 
liquely. 

On the 27th of last November, at a public exhibition, this model 
flew from one end to the other of the hall of the Horticultural Society 
(see sLéronaute, Febrnary, 1875). On the 2d of July, 1875, it per- 
formed with snecess before the French Physical Society, The ve- 
locity of its flight is from five to seven metres per second. 

The birds of twisted caoutchoue have been a great snecess. 

M. Iurean de Villeneuve, whose zeal in the stndy of atrial navi- 
gation is well known, and who in his many contributions to the theory 
of flight since 1868 has diseussed the inclination to the horizon of the 
axes of the scapulo-humeral articulations and their posterior conver- 
gence, exhibited, on the 20th of Jnne, 1872, a bird moved by twisted 
caoutchouc, which, he states, clevated itself vertieally to a height of 
nearly one metre. Continuing his researches with perseverance, he 
again exhibited his apparatus before the Society of Aérial Navigation 
on the 13th of January, 1875, after having supplied it with wings 
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similar to those of my bird, and after having adopted several of the 
peculiarities which had made my machine suceessful. He then sue- 
ceeded in giving sustained flight to his machine, which we have our- 
selves seen fly horizontally nearly seven metres, after having been 
started by a slight impulse from the hand. M. Tatin, also, in 1874, 
made two very curious artificial birds, using twisted caontchone as a 
motor, M. Marey has told us that he saw the first named fly in his 
garden, last November, from eight to ten metres. We have seen 
the second, nearly identical with our bird, fly in a still more satis- 
factory manner. 


A MUSEUM EXCITANGE. 
By Pror. BURT G. WILDER. 


rFTAWERE are in this country three institutions more or less available 
for the distribution of material for Natural History instruction: 
the Smithsonian Institution at Washington, District of Columbia ; the 
(Agassiz) Museum of Comparative Zodlogy, at Cambridge, Massa- 
chusetts ; and Prof, Ward’s establishment at Rochester, New York. 

The first 1s especially rich in American forms, the collections of 
government surveys, and the types of Baird’s descriptions. There 
are many duplicates, but these are required for the elncidation of the 
extent of variation within the species, so that they are available for 
exchanges in only a limited degree, 

The peculiar value of the Cambridge Museum comes from the im- 
mense amount of material from all parts of the world, upon which 
zoblogists are enabled to pursue extended investigations, either at 
the museum, or, under certain conditions, elsewhere. 

Agassiz also desired to prepare collections for educational insti- 
tutions in Massachusetts, and to provide for teachers an opportunity 
for summer instruction and for the collection of specimens. 

But it is evident that the above-mentioned establishments and 
arrangements are not yet able to mect a rapidly-growing want of the 
whole country ; namely, the taanediate fornation of muscums for the 
illustration of the courses in natural history whieh are now generally 
demanded, in not only the colleges and universities (whether real or 
so called), but also the normal schools, and even those of lower grade. 

Such seleeted collections ueed not be either very large or very 
costly, They should embrace mainly ¢ypicad forms, but contain also 
some of the peculiar or aberrant species of each large group. 

It would be well if some one would make ont a list of what are 
desirable in larger or smaller collections. Meantime, the information 


1 Presented at the Detroit meeting of the American Association for the Advancement 
of Science. 
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and the material are, to a great extent, obtainable from the eata- 
logues and the museum of Prof. Ward. 

A recent examination of this establishment has suggested a brief 
sketch of its nature, its capacity for supplying the want above indicated, 
and of the additions which might advantagcously be introduced, 

Prof. Ward was a pupil of Agassiz, and afterward Professor of 
Natural History in Rochester University, where he formed a very ex- 
tensive and well-arranged museum of geology, mineralogy, palcontol- 
ogy, and zojlogy. Desiring to inelnde with this fae-similes of unique 
fossils in other museums, Prof. Ward spent three years in Enrope, 
and gradually accumulated moulds of famous fossils. The great ex- 
pense of this undertaking (nearly $20,000) determined him to make 
duplicates of the casts, and thus, by degrees, originated the now well- 
known “ Ward Series of Casts of Fossils ;” and at present, in many of 
our educational institutions, large and small, the megatherium, iguano- 
don, ichthyosaurus, and pterodactyl have beeome as familiar forms as 
the professors themselves, 

The usefulness of this branch of the establishment is now gener- 
ally recognized, and, with the mineralogical department, has been 
graphically described by others,’ so we may pass to the consideration 
of what has heen and may be accomplished by Prof. Ward for the 
furnishing of zojlogical museums. 

At present, mounted insects and stuffed birds receive but little of 
his attention, but the colleetions embrace representattves of the lead- 
ing groups of the whole animal kingdom, more than 13,000 speeies 
being represented. The echinoderms and crustacea, being easily pre- 
served in a dry state, are very numerous. They have recently been 
carefully rearranged and determined by a professional naturalist. 

Prof. Ward keeps twenty-two advertisements in foreign journals, 
and has correspondents in all parts of the globe, near and remote, so 
that seareely a week passes without his receiving word of the sending 
to him of rare forms, 

At the time of our visit he was reeeciving the results of a late trip 
to Europe (where he had expended about. $10,000 for specimens), On 
the same day arrived the skins and skeletons of two camels, the one 
from Asia Minor, the other from Turkey. The taxidermists were en- 
gaged upon a grizzly bear, a 1,000-ponnd turtle, and the now-famous 
donkey which slew a lion in Cincinnati; while the osteologists were 
mounting a whale’s skeleton for the Peabody Academy of Science at 
Salem, Massnehusetts, and would then commence upon a large series 
of skeletons for the Smithsonian Institution. 

A specimen of the rare tiger-shark (Crossorhinus dasypogon) had 
just arrived from Australia, 

Ten men are constantly employed in the reception and arrange- 


1 As by Prof. E. S. Morse, in the American Naturalist for April, 1878, and Prof. 
Alexander Winchell, in the College Courant for October 1, 1870. 
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ment of these specimens, in the preparation of skins and the mount- 
ing of skeletons. The chief osteologists and taxidermists were 
brought from Europe, and their salaries are more than is received by 
many an assistant professor. 

fn alcohol are fishes and reptiles, sueh as the Lep/dosteus, Polyo- 
don, and Ainia, of our Western rivers, the Calamoichthys of Africa, 
the Stren and Amphiwmea of South Carolina, and the Proteus of Eu- 
rope; while in dry, upper rooms hang hundreds of skins of quadrupeds, 
large and small, from all parts of the world, and carefully labeled. 

The excellence and trustworthiness of the work done by Prof. 
Ward are further attested by the extent to whieh he is employed by 
the Smithsonian Institution, the Cambridge Museum, and others both 
here and abroad. Indeed, it is no unusual thing for material to come 
from Europe to Rochester, and be returned to some Continental mu- 
seum. 

But, while gladly commending what is done, we would offer a 
suggestion as to what might be done with great advantage to our 
educational institutions and a fair profit to Prof. Ward: 

1. Such an establishment should supply the lower vertebrates, the 
lamprey and particularly amphéowus, of which, also, seetions might be 
prepared for the microscope. 

2. There should be kept, or prepared to order, series of embryos 
of some common animals: among mammals the pig, and among ba- 
trachians the frog, are very easily obtained. All embryos are, in some 
respects, more valuable than adults, and, if they were on hand, a de- 
mand would surely arise. 

3. A series of brains should be added. The models of these, 
whether plaster or papier-maché, are poor substitutes for the real 
specimens. Nor need the number be very large; a dozen species 
would fairly illustrate the modifications of the vertebrate eneephalon. 

Speaking of brains, we eannot forbear expressing the hope that 
Prof. Ward may shortly be able to impress his elients with the truth 
of Prof. Wyman’s saying that “a skull is donbled in value by entting 
in two.” The inside is quite as important as the outside, while sueh 
vertical biseetion, if carefully made, enables us to secure the two 
halves of the brain but little injured.’ 

4, Other anatomical preparations of soft parts, seetions and dissee- 
tions, are really desired for instrnetion, and a few typieal preparations 
could readily be made. 

5. Finally, we wonld suggest to Prof. Ward the expediency of 


1 A case in point occurs while correcting the proof of this article. Prof. Ward has 
received a ‘blackfish” (Alobiocephalus melas). Knowing that the Cornell University 
would like the brain, he sends me word; but, as the seetion of the skull for extraetion of 
the brain would impair its value for most purehasers, we have to take the whole skeleton 
also, The brain, by-the-way, weighs nearly five pounds, two pounds more than the 
average human brain, and nearly a pound more than that of Cuvier. 
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making his establishment a medium of exchange between parties in 
different localities. For instance, A lives in Central New York; he 
has plenty of Wenobranchus, and would exchange them for Menopons 
from the Ohio River, or the gars and spoonbills of the Mississippi, of 
which B has more than he wants; while both these partics desire 
sharks, and skates, and pipe-tishes, and the large lamprey from the 
seacoast where C lives. To purehase and keep all these and many 
more such on hand involves an enormons expense and risk to a single 
individual; whereas, if, under certain conditions, Prof. Ward re- 
ceived good specimens of these forms, and stored thein at the owner’s 
risk as to fire, and expense as to alcohol, ete., then he could, at a fair 
cominission, transfer them to those who desired them without the 
expenditure now incurred, 

The arrangement could be made like that of the naturalists’ 
agency for books in Salem, Massachusetts, and a periodieal list of 
specimens and prices could be issued. The prices would serve as 
guides for either exchange or direct purchase. 

Sneh a system of transfer would, it seems to us, not only enable 
new institutions to rapidly form type collections for class-room instruc- 
tion, but also encourage them to collect large numbers of dupleates 
of the forms peculiar to their localities. In this way we should ascer- 
tain the extent of individual variation, the manner and rate of devel- 
opment and growth, and, by preparations made on the spot, the struet- 
ure of the brains and other soft parts, which are seldom perfectly 
preserved in specimens sent in alcohol from a distance. 
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By F. W. CLARKE, 
PROFESSOR OF CHEMISTRY AND PHYSICS IN THE UNIVERSITY OF CINCINNATI. 


\ HAT are the so-called chemical elements? Are they really ele- 

ments, or only compounds of remarkable stability? It would 
be hard to find in physical science a question which has been oftener 
asked than this. It has furnished all sorts of investigators with 
abundant food for speculation. Men of the highest scientific ability 
have grappled with the problem, and left it still unsolved; others 
have constructed elaborate theories, which claimed to settle every- 
thing. Still the debate goes on. We cannot prove that the elements 
are truly what we eall them, nor can we show beyond all doubt that 
they are compound in their nature. We may, however, weigh the 
opposing probabilities, and see which side of the question is the 
stronger, Whichever way the balance turns, the superstructure of 
chemistry will be but little affected. We know that all our recog- 


464 THE POPULAR SCIRNCH MONTHLY. 


nized compounds are formed by the union together of two or more 
snpposed elements; and no revelations concerning the nature of the 
latter ean well disturb that established knowledge. However we may 
speculate, the experimentally-ascertained faets will remain unaltered, 
They may receive shghtly different theoretical interpretations, with- 
out having their practical bearings changed in the least degree. 

The prevalent view of the subject, that the elements are element- 
ary, is held by philosophieal chemists in a purely provisional way. 
We need a convenient working hypothesis, and these sixty-three sub- 
stanees are clements for aught we absolutely know to the contrary. 
As far as we ave at present experimentally concerned, then, we call 
them elements, bearing always in mind the possibility that they may 
be compounds. They have never been decomposed; we have no 
means adequate to their analysis; not one of them can be obtained 
from materials in which it does not already exist. But all this evi- 
dence is only negative. How do we know but that some future dis- 
covery may render possible the decomposition of these supposed ele- 
ments? Shall we assert positively that we have reached the ultimate 
analysis, and may never hope to go any farther? Obviously, so defi- 
nite a statement would be unjustifiable, and no sane chemist wouid 
venture to make it. The uncertainty of the subject may well be illus- 
trated by a reference to chemical history. At the beginning of the 
present century the alkalies and alkaline earths were thought to be 
elements. They were not decomposable by any means then known, 
so that the supposition was perfectly fair. A very few years passed 
away, the galvanic battery was brought into use, and presently it was 
found that each of these bodies was a componnd, containing a metal 
united with oxygen. Perhaps a similar advanee im our knowledge 
may demonstrate the possibility of decomposing many of the sub- 
stanees now regarded as elementary. Such a diseovery might work 
in either one of three ways. It might largely increase the number of 
supposed elements, by dividing each one into two or more new bodies, 
It might reduce the number by proving that onr elements were formed 
by the union, in various proportions, of only a very few simpler sub- 
stanees, Or it might demonstrate the nnity of matter, just as recent 
science has demonstrated the unity of force, and give ns only one true 
element underlying all material forms. Sueh a culmination of our 
knowledge would be grand, indeed ! 

The evidence, then, upon which we assert the elementary nature 
of the fifty metals and thirteen non-metals, is very incomplete. On 
this side of the question there is really no other important testimony, 
gaye that just eited. Arguing from our present inability to decompose 
certain bodies, we assume for convenience that they are indecom- 
posable. Now let us see what there is in favor of the opposite view, 

One of the first things learned by the student in chemistry is, that 
the so-called elements are readily classifiable into a few natural groups. 
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The members of any one of these groups resemble each other chemi- 
cally in the closest manner, forming compounds of strong similarity, 
and often are very much alike in their physical properties also. The 
thonght at once arises, Can these elements be totally distinct from 
each other—have they nothing in common—are these resemblances 
only due to chance? Such a supposition could scarcely be admitted, 
since Science excludes chance from her list of uatural agencies. These 
relationships must mean something—but what ? 

If we look beyond the points of similarity to the points of differ- 
ence between related elements, we shall find that these too are sub- 
ject to regularity. The members of a group vary from each other, 
not in a meaningless, helter-skelter way, but systematically, so that 
they may be arranged in regular series, Take, for example, the group 
formed by the strikingly similar metals, calcium, strontium, and ba- 
rium. If, now, we compare these with reference to any physieal prop- 
erty, we shall find that strontium will always be between the other 
two. It is heavier than calcium and lighter than barium; and the 
same thing holds true of strontium compounds when compared with 
the corresponding compounds of its two associates. The integrity 
of the series is perfect; for in no case can the middle member be 
placed either at the beginning or the end. The nitrogen group is even 
more remarkable. Arranging its recognized members in the order of 
their atomic weight, they are as follows: nitrogen, phosphorus, arse- 
nic, antimony, and bismuth. The first of these elements is gaseous at 
all known temperatures ; phosphorus is a solid, but easily convertible 
into a gas by heat; arsenic is a denser body still, and less readily va- 
porized ; antimony follows in regular order; and finally, bismuth, 
the heaviest of the series, can be distilled only with considerable dit- 
ficulty. Here, then, is a gradation both in specific. gravity and in 
boiling-point, the lowest member of the group, in each of these par- 
ticnlars, being that with the lowest atomic weight; and the reverse. 
If we ascend from these elements to their compounds, we shall also 
notice some curious chemical regularities. Each member of the group 
unites with oxygen to forma pentoxide, from which an acid may be 
derived, Compare, now, these five acids: nitric is very strong, and 
violently corrosive ; phosphoric is a little weaker, and acts much less 
vigorously ; arsenic is feebler still; antimonie is extremely weak; 
and the corresponding bismuth compound is just barely recognizable 
as being an acid at all, Can these regular gradations be purely acci- 
dental and meaningless ? 

Examples like these might be adduced almost indefinitely. Series 
after series could be brought forward, all illustrating the same principle, 
Exceptions ocenr now and then, but they are so few that for present 
purposes they may be disregarded. Of course they mean something, 
but they are neither sufficiently abundant nor important enough to 
aftect our arguments. The regularities are so numerous and so re- 

VOL, VitI.—~30 


466 THE POPULAR SCIENCE MONTHLY, 


markable as to outweigh many times over all seeming variations, All 
this evidence is, however, inadequate in one respect: the relations 
thus far pointed out cannot be simply expressed in figures. Are there, 
then, any numerical relations connecting the clements ? This question 
may be answered, partly by studying their atomic weights, and partly 
by an examination of their specific volumes. 

The regularities which connect the elementary atomic weights 
have been examined and discussed by many investigators from widely 
differing points of view. Some chemists have contented themselves 
with the naked facts; others have considered the bearing of those 
facts upon chemical theories; and a third class, with less caution than 
ignorance, have speeulated upon them in the wildest and most reck- 
less manner. Of course a full summary of the whole subject, however 
interesting it might prove, would be out of place in 2 condensed argu- 
ment like this. All we can do here is to glanee at a few of the many 
relations known, and afterward consider them in their connection with 
our main subject. The general reader who cares to go deeper into 
the question will do well to consult the original papers of Dumas, 
Gladstone, J. P. Cooke, Kremers, Mendelejeff, and others. 

Of the relations now under consideration, the one most frequently 
cited is as follows: Many elements are most naturally arranged in 
threes, of which the middle member has an atomie weight very nearly 
a mean between the atomic weights of the other two. Thus we have 
calcium, atomic weight, 40; strontium, 87.5; and barium, 137. Mere, if 
the value of strontium were 88,5, it wonld be an exact mean, Again, 
chlorine has the atomic weight 35.5; bromine, 80; and iodine, 127; the 
second being almost precisely midway between the first and third. A 
still closer agreement with theory is furnished by lithium, sodium, and 
potassinm, whose values are respectively 7, 23, and 39,1. A fourth 
example is afforded by potassium, 39.1; rubidinin, 85.4; and cesium, 
133; while a fifth case is offered by phosphorus, 31; arsenic, 75; and 
antimony, 122. To be sure, these illustrations afford only an approxi- 
mation to regularity; but then the variations are themselves some- 
what regular. In each of these twos the middle term is just a little 
too low to be an absolute mean between its associates; that is, the 
variations from theory are all in one direction. It is hardly possible 
at present to say whether this means anything, or is only ascribable 
to accident. One more example of regularity among atomic weights 
is worth noting, namely, the relation which connects the members of 
the oxygen group. Here we have oxygen, 16; sulphur, 32; selenium, 
79.5; and tellurium, 128. These higher numbers are simple multiples 
of the lowest; there being only a variation of half a unit (minus) in 
the case of selenium, Since these elements are very similar in their 
chemical relations, this regularity is extremely significant. Can it be 
due to chance, and void of real meaning ? 

But all these relations prove nothing—they merely suggest. Stand- 
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ing by themselves they would signify comparatively little; but con- 
sidered with other analogous evidence they help to found an almost 
overwhelming argument. The concurreut testimony supphed by the 
specific or atomic volumes of the elements is particularly strong. 

The specific volume of any substance is the quotient obtained upon 
dividing its atomic weight by its specitic gravity. This valne may be 
supposed to represent the volume of an atom of the substance plus the 
sphere of unoccupied space immediately surrounding and belonging to 
it. Leaving theoretical definitions out of account, however, we shall 
find, upon comparing the specific volumes of solid and Hqnid sub- 
stances, many extraordinary relations. Often, all the members of an 
elementary group have equal values. This is the case with the closely- 
related metals platinum, iridium, osmium, palladinm, rhedinm, and 
ruthenium. They have different atomic weights and different specific 
gravities; yet the quotient obtained upon dividing the former by the 
latter is the same in every instance. The same thing holds good of 
the group formed by iron, cobalt, nickel, chromium, manganese, cop- 
per, and perhaps also uranium, Mere the regularity extends even 
beyond the elements themselves, for their corresponding componnds 
haye, with few exceptions, equal specific volumes also, An altogether 
different, but on the whole more remarkable, relation is furnished by 
the alkaline metals lithium, sodium, potassium, and rubidium; whose 
specific volumes are respectively 11,9, 23.7, 45.1, and 56.2. These 
values are almost exactly multiples of the first, standing to it in the 
ratio of 1: 2:4: 5. The slight variations from accuracy in this case 
are very far within the limits of experimental error, Almost as re- 
markable multiple relations are found in several other series, and 
apply not only to the specific volumes of the solid elements, but to 
their values in liquid compounds also. Closely connected with this 
subject is that of crystalline form. As a general, thongh not invari- 
able rule, clements having equal specific volumes are isomorphous ; 
that is, crystallize alike; a fact which may be extended to a very large 
number of compound series as well. 

It would be easy to go on to alinost an indefinite extent multiply- 
ing examples of relationship between the elements. There is hardly 
any set of physical properties which may not be made to emphasize 
the idea that these substances are internally related. Take, for exam- 
ple, their specific heats, which, multiplied by their atomic weights, 
give a coustant quantity in the neighborhood of 6.3. That is, accord- 
ing to the law of Dulong and Petit, all elementary atoms have equal 
capacities for heat. But space is linited, so that we must omit the 
consideration of many important facts, and pass to the theoretical dis- 
cussion of those already cited. All this evidence suggests quite em- 
phatically that the elements are not totally distinct and independent 
bodies. Are they, then, compounds formed from a few simple sub- 
stances, or are they modifications of but one primal matter? Strong 
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arguments may be adduced in favor of either view, although neither 
can be yet demonstrated. 

The idea that a very few true elements, uniting together in a vari- 
ety of proportions, may give rise to all the bodies which we now look 
upon as clementary, derives perhaps its strongest support from an 
analogy pointed out by Prot. Cooke something like twenty years ago, 
He first called attention to the many serial relations which connect 
the members of any elementary group, and then showed how much 
these groups resemble the homologous series of organic chemistry. In 
such a series we have a number of compounds each differing from its 
immediate predecessor in a very definite way. Thus, in the series of 
alcohol radicles, we have first the hydrocarbon methyl. Adding to 
this an atom of carbon and two of hydrogen, we get the second mem- 
ber of the series; the third is formed by the same addition to the 
second, the fourth similarly derived from the third, and so on. The 
difference between the molecular weights of any two successive mem- 
bers in this series is always the same. Just so in some groups of ele- 
ments, as we have already seen. The atomic weight of lithium is 
seven, add sixteen and we get that of sodium, while another inerease 
of sixteen gives the value of potassium. Again, the atomic weight of 
sulphur is that of oxygen plus sixteen; three times sixteen more brings 
us to selenium, and another forty-eight reaches the equivalent of tel- 
lurium. Here certain multiples of sixteen are missing ; do they cor- 
respond to the atomic weights of undiscovered elements? Such a 
speculation is curious, but not very profitable. 

The analogy, then, between the groups of elements and the homol- 
ogous series of organic compounds is quite striking, although it may 
not be very precise. Hence Cooke suggested that, if the elements 
were compounds, their resemblances might be explained by supposing 
them to form series ike the hydrocarbons, in which bodies of similar 
constitution are akin in general properties. Now, this conception was 
certainly very brilliant, and rendered intelligible many important facts 
which before it were unclassified. It did not, however, suggest the 
possible unity of matter, but merely put the ultimate question regard- 
ing the nature of the elements a step farther back. Instead of many, 
it gave us the idea of few elementary bodies; why and how these 
differed were yet to be found out. Prof. Cooke was, fortunately, too 
cantious a chemist to put forward views of this sort dogmatically ; 
he did not offer a theory even; he only made suggestions to be taken 
later at their true value, whatever that might be. 

The other side of the question, that of the unity of matter, has 
been worked up by several chemists in a variety of ways. Some have 
studied the phenomena of erystallization and drawn their conclusions 
therefrom ; others have taken up the subject from a dynamical point 
of view. Given atoms of one kind only, how to arrange these in dif- 
ferent aggregations so as to present all the phenomena offered by our 
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supposed elements in their relations to the varions modes of energy ? 
Perhaps in the discussion of this problem Gustavus Ilinrichs would 
stand first. His conclusions may be easily questioned, but the ability 
and ingenuity displayed in reaching them cannot be denied. 

To the general reader, or to the beginner in chemistry, the diffieul- 
ties confronting the unitary view of matter may seem to be very great. 
Doubtless they are; but then every side of the subject is beset with 
difficulties. Obstacles must be surmounted, and the worst are not in 
this direction, The mind uunsed to speculations of this sort will prob- 
ably encounter its greatest embarrassment in trying to understand 
how oue substance alone can assume such a diversity of forms. That 
such a thing is within the limits of possibility, may be illustrated by 
reference to the facts of allotropy and isomerism. Quite a number of 
our present elements are known to be capable of existing in a variety 
of dissimilar modifications. Carbon is found as chareoal, graphite, 
and diamond ; phosphorus exists both in its white aud in its red modi- 
fications ; oxygen is allotropic as ozone, Similar examples are fur- 
nished by arsenic, selenium, and, very notably, by sulphur, Among 
compounds, especially in organic chemistry, many cases oceur in which 
several different bodies have precisely the same clementary composi- 
tion. For instance, the essential oils of rose, bergamot, orange, lemon, 
lavender, turpentine, rosemary, natmegs, myrtle, peppermint, ete., 
unlike as they may be in outward properties, are all composed of ear- 
bon and hydrogen in exactly the same percentages. The same atoms 
occur, but diffvrently arranged. Many other sets of isomeric bodies 
are known in which this diversity of atomic arrangement can be dis- 
tinctly traced, and the reasons for difference clearly pointed out. The 
limitations of space prevent their description here. 

Now, since a single element may exist in several different. forms, 
and since the same atoms can unite together so as to produce com- 
pounds very unlike each other, the chief objection to the unitary view 
is removed. Why may not all the so-called elements be allotropic 
modifications of one, or else isomeric bodies formed by the union of 
two or three such modifications ? Such a supposition is by no means 
absurd, although, to be sure, it is not capable of rigid demonstration. 
It is only a speculation, but then within it are some fair probabilities. 
These may be strengthened by an appeal to spectroscopic evidence, 
and to the prevalent hypothesis concerning the origin of our planet. 

If we examine the spectra of our supposed elements, we shall no- 
tice no more striking fact than the extent to which they differ in com- 
plexity. Some bodies give spectra of only one or two lines, while 
others are represented by hundreds. This atom emits light of a sin- 
gle wave-length, that one gives out rays of nearly half a thousand 
different kinds. Now, what do these facts mean? Do they indicate 
structural differences within molecules such that each bright line in a 
Spectrum corresponds to a true element? Such a notion, if true, 
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would lead to an alarming multiplication of elementary bodies, in- 
ereasing our present confusion to an indefinite extent. If every pos- 
sible wave-length of light represented a special element, the num- 
ber of clements would be intinite. Clearly, then, this speculation, 
although frequently suggested, has very little to recommend it, and 
need not be entertained. Still, the fact of varying complexity among 
the clementary spectra remains to be accounted for. It certainly sug- 
gests a corresponding difference of complexity among the elements 
themselves, but of what nature? This question ean hardly be an- 
swered directly, although it admits of interesting discussion, for 
whieh, unfortunately, we have little space to spare. Suffiee it to say 
that spectroscopic phenomena are quite in harmony with the idea 
that all matter is at bottom one, our supposed atoms being really vari- 
ous aggregations of the same fundamental unit, It is approximately 
true that the simpler spectra are furnished by the elements of low 
atomie weight, while the multitudes of lines come from the heavier 
atoms. There are prominent exceptions to this rule, still it affords 
sone support to our central idea, 

But the spectroscope makes its most emphatic suggestions in favor 
of the unity of matter when it is applied to the study of the heavenly 
bodies. This subject I discussed in Tor Poputar Scruncy Montn.y 
for January, 1873, and some months later Lockyer gave it prominence 
in England, his paper ealling forth a good deal of comment. There- 
fore, only a brief réseané of my original suggestions is desirable now, 

Everybody knows that the nebular hypothesis, as it is to-day, 
draws its strongest support from spectroscopie facts. There shine 
the nebuke in the heavens, and the spectroseope tells us what they 
really are, namely, vast clonds of incandescent gas, mainly, if not 
entirely, hydrogen and nitrogen. If we attempt to trace the chain 
of evolution through which our planet is supposed to have grown, we 
shall find the sky is full of intermediate forms. The nebuke them- 
selves appear to be in various stages of development ; the fixed stars 
or suns differ widely in chemical constitution and in temperature ; our 
earth is most complex of all. There are no “ missing Hinks ” such as 
the zodlogist longs to discover when he tries to explain the origin of 
species, First, we have a nebula containing little more than hydro- 
gen; then a very hot star with calcium, magnesium, and one or two 
other metals added ; next comes a cooler sun in which free hydrogen 
is missing, but whose chemical complexity 1s much increased ; at last 
we reach the true planets with their multitudes of material forms. 
Could there well be a more straightforward story? Could the unity 
of creation receive a much more ringing emphasis? We see the evo- 
lution of planets from nebulw still going on, and parallel with it an 
evolution of higher from lower kinds of matter. 

Just here, perhaps, is the key to the whole subject. If the ele- 
ments are all in essenee one, how could their many forms originate 
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save by a process of evolution upward? Tlow could their numerons 
relations with each other, and their regular serial arrangements into 
groups, be better explained? In this, as in other problems, the hy- 
pothesis of evolution is the simplest, most natural, and best in aceord- 
ance with facts. Toward it all the lines of argument presented in 
this article converge. Atomic weights, specific volumes, and spectra, 
al] unite in telling the saine story, that our many elements have been 
derived from simpler stock. 

T know that all this is only speeulation, but surely it is not base- 
less, Science is constantly reaching forward from the known to the 
unknown, partly by careful experiment, and partly by the prophetie 
vision of thought. It first discovers fuets, und then seeks to interpret 
thein, although oftentimes the interpretation is not capable of abso- 
Inte proof. So with the material of this article. We have seen that 
many relations connect in some mysterious way those bodies which 
we commonly regard as simple, and we have sought to determine 
their meaning. What can they mean, save that the elements are not 
elementary ? How conld the elements have originated but by a pro- 
cess of evolution ? 
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TIE question now arises, What becomes of the rays that have un- 

dergone absorption? Are they in fact, as they appear to be, 

annihilated ? A series of phenomena now to be considered will give 
us au answer to these questions. 

If water containing a little esexdine, a substance contained in the 
bark of the horse-chestnut in solution, be placed in a flask, and the 
rays of the sun or of the electric lamp, con- 
centrated by a lens situated at about its focal 
distance from the vesel (ig. 1), be direeted 
upon it, the cone of light thrown by the lens 
into the interior of the fluid will be seen to 
shine with a lovely sky-blne tint. The parti- 
cles of the solution of esenline in the path of 
the beam become spontaneously luminous, F 
and emit a soft blue light in all directions, 
The cone of light appears brightest at the point where it enters into 
the fluid through the glass, and quickly diminishes in brilliancy as it 
penetrates more deeply. 

There are great numbers of fluid and solid bodies which become 
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CENCE. 


1 From © The Nature of Light,” No, XIX. of the “ International Scientific Series.” 
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similarly self-tuminous under the influence of light. ‘This peculiarity 
was first observed in a kind of spar oceurring at Alston Moor, in Eng- 
land, which, itself of a clear green color, appears by transmitted solar 
light of a very beautiful indigo-violet color. From its occurrence in 
caleinm fluoride the phenomenon has been named fluorescence. 

In order to understana more precisely the circumstances under 
which fluorescence occurs, the solution of esculine must again be re- 
ferred to, The light, before it reaches the lens, must be allowed to 
pass through just such another solution of esculine contained in a glass 
cell with parallel walls. The cone of light proceeding from the lens, 
as long as it passes through the air, does not appear to have under- 
gone any material change, it is just as bright and just as white as 
before. In the interior of the fluid, however, it no longer presents a 
blue shimmer, but becomes scarcely perceptible, 

Thus it is seen that Hght which has traversed o solution of eseuline 
is no longer capable of exciting fluorescence in another solution of 
esculine. Those rays consequently whieh possess this property must 
be arrested by the first solution of esculine, Similar results are ob- 
tained in the case of every other fluorescent substance. 

The general proposition can therefore be laid down, that a body 
capable of exhibiting fluorescence fluoresces by virtue of those rays 
which it absorbs. 

In order to determine what rays in particular cause the fluorescence 
of esculine, the spectrum must be projected in the usual way ; but, 
instead of its being received upon a paper screen, it must be allowed 
to fall upon the wall of a glass cell containing a solution of esculine, 
that is to say, upon the solution itself, and it must then be observed 
in what parts of the spectrum the blue shimmer appears. The red 
and all the other colors consecutively down to indigo appear to be 
absolutely without effect. The bluish shimmer first commences in 
the neighborhood of the line G (Fig. 2), and covers not only the 
violet part of the spectrum, but stretches fur beyond the group of 
lines IZ to a distance which is about equal to the length of the spec- 
trum visible under ordinary circumstances, 

From this the conclusion must be drawn that there are rays which 
are still more refrangible than the violet, but which in the ordinary 
mode of projecting the spectrum are invisible; these are termed the 
ultra-violet rays. They beeome apparent in the esculine solution be- 
cause they are capable of exciting the bluish fluorescent shimmer in 
it. If snnlight have been used in the above experiments, the well- 
known Fraunhofer’s lines appear upon the bluish gronnd of the fluo- 
rescing spectrum, not only from G to 7, but the ultra-violet part also 
appears filled with numerous lines, the most conspicuous of which are 
indicated by the several letters Z to S (Fig. 2). That these lines, 
like the ordinary Fraunhofer’s lines, belong properly to solar light, 
and do not depend upon any action of the fluorescing substance, is 
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evident from the eirenmstance that with the electrie light they are no 
more apparent in the ultra-violet than in the other colors, and further, 
because the same lines are seen in the solar spectrum, whatever may 
be the fluoreseing substance under examination. 

Quartz has the power of transmitting the ultra- 
violet rays far more completely than glass. If, there- 
fore, the glass leus and prism hitherto used for pro- 
jeeting the speetrum be replaced by a quartz lens 
and prism, the ultra-violet part of the spectrum is ren- 
dercd much brighter and is extended still farther than 
before. 

The ultra-violet rays of the speetrnm ean, more- 
over, be seen, without the intervention of any fluor- 
escing substance, through a glass, or, still better, 
through a quartz prism, if the bright part of the 
spectrum between. and /Z (Fig. 2) be earefully shut 
off. With feeble illumination its eolor appears indigo- 
blue, but with light of greater intensity it is of a 
bluish-gray tint (lavender). The ultra-violet rays thus 
ordinarily escape observation, beeause they produee a 
much feebler impression on the human eye than the 
less refrangible rays between 2 and ZZ. 

An explanation is thus afforded why the solution 
of eseuline, apart from its absorption, is colorless when 
seen by transmitted light; for, sinee it absorbs only 
the feebly luminous violet and the entirely impercep- 
tible ultra-violet rays, the mixed light that has passed 
through it still appears white, and is not rendered ma- 
terially fainter. 

If the solar spectrum be thrown in the above- 
mentioned manner upon the fluid, its fluorescmg part 
everywhere exhibits the same bluish shimmer; and 
spectroseopie examination shows that this bluish light has always the 
same composition, whether it is exeited by the @ rays, or by the # 
rays, or by the ultra-violet rays, and that it is formed of a mixture of 
red, orange, yellow, green, and blue. It is thus seen that the different 
kinds of homogeneous light, as far as they are generally effeetive, pro- 
duce compound fluorescent light of identical composition, the econ- 
stituents of which, nevertheless, are colleetively less refrangible than, 
or are at most equally refrangible with, the exciting rays. 

Among other finoreseing bodies may be mentioned the solution 
of quinine, whieh is as elear as water, and has a bright-blue fluores- 
cence; the slightly yellow petroleum, with blue fluorescence; the 
yellow solution of turmerie, with green; and the bright-yeilow glass 
containing uranium, which fluoresees with beautiful bright-green fluor- 
escenee. It admits of easy demonstration that in these bodies also it is 
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the more refrangible rays that call forth fluorescence. For, if we illa- 
minate them with light which has passed through a red glass, no trace 
of fluorescence is visible. But, if the red be exchanged for a bine glass, 
the fluorescence becomes as strongly marked as with the direct solar 
light. uA remarkable phenomenon is presented in the splendid bright- 
green light which is emitted by uranium glass under the action of 
blue illumination. 

The highly-refrangible rays which possess in so high a degree the 
power of exciting fluorescence are contained in large proportion in the 
light emitted by a Geissler’s tube filled with rarefied nitrogen. In 
order to expose fluoreseing finids to the influence of this light, the ar- 
rangement represented in Fig. 8 may be employed with advantage. 
A narrow tube is surrounded by a wider glass tube, into which the 
fluid is introduced hy a side opening which can be closed if required. 
Another form of Geissler’s tube is represented in Fig. 4, which con- 


Fig. 3.—QGEISSLER'S FLUORESCENCE TUBE. Fie. 4,—GrtssLer'’s TusE witn URANIUM 
Guass SPHERES. 


tains in its interior a number of hollow spheres composed of uranium 
glass. Where a beam of reddish violet nitrogen ight traverses the 
tube, the uraninm glass balls shine with a beautiful bright-green fluo- 
rescent light. 

The electric light passing between carbon-points is rich in rays of 
high refrangibility, indeed the ultra-violet end of its speetrum reaches 
even farther than that of the solar spectrum. In the light of the mag- 
nesium-lamp the ultra-violet rays are also abundant, and both sources 
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of light are therefore particularly well adapted to produce fuorescence, 
while gas and candle light are nearly inoperative on account of the 
small amount of the more refrangible rays they contain. 

It would nevertheless be incorrect to infer from the above facts 
that the more refrangible rays are exclusively capable of exciting 
fluorescence. A red fluid which is an alcoholic solution of naphthaline 
red, and which in ordinary daylight fluoresces with orange-yellow 
tints of unusual brilhancy, will serve to demonstrate that even the 
less refrangible rays are capable of producing this effect. In fact, if 
the spectrum be projected upon the elass cell containing the fluid 
(Fig. 5), the yellow fluorescent light will be seen to commence at a 
point intermediate to Cand LY, and therefore still m the red, and to 


Fie, 5,—ABsoRPTION AND FLUORESCING SPECTRUM OF NAPHTHALINE RED. 


extend over the whole remaining spectrum as far as the ultra-violet. 
The strongest fluorescence by far is shown behind the line J in the 
greenish-yellow rays. It then again diminishes, and becomes a sec- 
ond time more marked between / and @,; thence onward the fluo- 
rescence becomes fainter, then increases again in the violet, and 
gradually vanishes in the ultra-violet. In naphthaline red, therefore, 
there are rays of low refrangibility, namely, the green-yellow rays be- 
hind JY, by which its fluorescence is most powerfully excited. 

The fluorescence spectrum reecived upon the fluid shows, as we 
have already mentioned, three regions of stronger fluorescence, and 
the absorption spectrum of naphthaline, which, by placmg a small cell 
filled with the solution in front of the slit, may be obtained upon a paper 
screen, gives a key to the cause of this phenomenon. In this spectrum 
Fig. 5 (1),2 completely black band is visible in the green-yellow be- 
hind J, a dark band between / and 6, while the violet end appears 
shaded. On employing a very strong solution of the naphthaline col- 
oring material, the whole spectrum vanishes with the exception of the 
red end, which remains apparent to a point behind (. If now the 
absorption spectrum be compared with that thrown upon the fluid, 
the intimate relation between absorption and fluorescence that has 
already been pointed out in the esculine solution is corroborated in 
the minutest particulars. or every dark band in the absorption spec- 
trun corresponds to a bright band in the fluorescing spectrum. Every 
ray absorbed by the fluid occasions fluorescence, and the fluorescent 
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light produced is the brighter, the more completely the ray is ab- 
sorbed. 

A second example of the excitation of fluorescenee by rays of small 
refrangibility is exhibited by a solution of chlorophyll. The spectrum 
projected upon this green fluid fluoresces of a dark-red color, from B 
toa point within the ultra-violet, exhibiting at the same time bright 
bands which correspond with the dark bands in the absorption spec- 
trum. Between £2 and C, where the greatest amount of absorption 
occurs, the fluorescence is also the most marked, But it is the middle 
red rays whieh here act so powerfully as exeitants. It is remarkable 
that the red fluorescent light which the chlorophyll solution emits 
likewise lies, in regard to its refrangibility, between 2 and C. Chlo- 
rophyll solution affords a proof that all rays of the spectrum, with the 
exception of the extreme red in front of B, are capable of calling forth 
fluorescence. Their capacity for doing so depends simply on the 
power of absorption of the fluorescing substance. The most refrangi- 
ble violet and ultra-violet rays are, however, characterized by the cir- 
eumstance that they are capable of exciting all known fluorescing 
bodics. 

Fluorescent light is only perceived so long as the fluorescent sub- 
stanee is illuminated by the exciting rays. As soon as the light fall- 
ing on it is obstructed, the colored shimmer vanishes, It is only in 
the case of some fluorescing solid substances, as, for example, tluor- 
spar and uranium glass, that, with the aid of appropriate apparatus 
(Becquerel’s phosphoriscope), a very short continuance of the flnores- 
cence may be observed to take place in the dark, 

There are, however, a number of bodies which, after being excited 
to self-luminosity by « brilliant light, continue to shine for a certain 
time in the dark. A series of pulverulent white substances, namely, 
the sulphur compounds of calcium, strontinin, and barium (which 
shonld be kept in hermetically-sealed glass tubes), do not exhibit the 
faintest light ina dark room. Moreover, if they be covered with a 
yellow glass and illuminated with the light of a magnesium-lamp, they 
remain as dark as before. But if the yellow be exchanged for the blue 
glass, and the magnesium-light be allowed to play upon them for a 
few seconds only, they emit in the dark a soft light, each powder hay- 
ing its own proper tint of color. This power of shining in the dark 
after having been exposed to the light is called phosphorescence. The 
property is possessed ina high degree not only by the above-named 
artiticially-prepared substances, but by various minerals, as the dia- 
mond, fluor-spar, and a variety of fluor-spar called chlorophane. 
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THE CONTROVERSY ON ACOUSTICAL RESEARCH. 
TYNDALL ON SOUND. 


HE work of Prof. Tyndall on the philosophy of sound has won 
for itself, in its former editions, the highest possible recognition 
anong scientific men, not only in England, but in other countries. A 
little more than a year ago, the second edition of this book was trans- 
lated into German under the special supervision of such eminent in- 
vestigators as Helmholtz and Wiedemann. In the work betore us we 
have the third revision of the eminent professor’s observations under 
this head. In preparing it, he says, he has subjected the previous edi- 
tion to a careful reéxamination, and, in so doing, has “amended as far 
as possible its defeets of style and matter, and paid at the same time 
respectful attention to the criticisms and suggestions which the former 
editions ealled forth.” 

In the preface to this publication it is announced by Prof. Tyndall 
that the new matter of greatest importance which has been introduced 
into It is an aceount of an investigation which during the past two 
years he has been conducting in connection with the Elder Brethren 
of the Trinity House. It may not be knewn to all our readers that 
what we call our Lighthouse Board at Washington is known in Eng- 
land as “The Trinity House.” The title carries us back to the era 
when monasticism was prevalent in Europe. In its original charter, 
the body was named “The Masters, Wardens, and Assistants of the 
Guild, Fraternity, or Brotherhood of the most Glorious and Undivided 
Trinity, and of St. Clement, in the Parish of Deptford Strond, in the 
County of Kent.” In the year 1836, an act of Parliament vested in 
this “Trinity ITouse,” as then constituted, the entire control of the 
lighthouses of England and Wales, and gave it certain powers over 
the lights in Scotland and Ireland. Prof. Tyndall appears to have 
entered on his duties as “ the scientific adviser” of the Elder Brethren 
shortly after his return to England at the close of his lecturing tour in 
the United States in the year 1873. In the seventh chapter of the 
present volume, under the head of “ Researches on the Acoustic Trans- 
parency of the Atmosphere in Relation to the Question of Fog-Signal- 
ing,” he gives the proeesses and the results of some very interesting 
observations which he has conducted under the patronage of the Brit- 
ish Trinity House. The general results of these observations had 
already transpired, but in the work before us they have received the 
professor’s definite statement side by side with a narrative of the re- 
searches from which they have been deduced. It is to this portion of 
the volume, containing “ the new matter of greatest importance,” that 
we propose to confine our attention in this short review. 


' From the Nation of October 28, 1875. 
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The reader who turns to this seventh chapter will find that it 
opens with an “introduction” professing to give “a summary of 
existing knowledge” in the matter of fog-signaling. The writer 
states that while the velocity of sound has formed the subject of re- 
peated and refined experiments by the ablest philosophers, “the pub- 
lication of Dr. Derham’s celebrated paper in the ‘ Philosophical Trans- 
actions’ for 1708 marks the latest systematic inquiry into the causes 
which affect the intensity of sound in the atmosphere.’ And, after 
inaking this statement, the professer immediately adds as follows: 
“ Jointly with the Elder Brethren of the Trinity House, and as their 
scientific adviser, I have recently had the honor of conducting an in- 
quiry designed to fill the blunk here indicated.” In order still further 
to impress on the reader a sense of the magnitude of this “ blank,” 
Dr. Tyndall indulges in one or two preliminary references which, he 
says, “will suttice to show the state of the question when this [his] 
investigation began.” The first of these references cites the opinion 
of Sir John Herschel} to the effeet that fogs and falling rain, and more 
especially snow, had been found by Derham “to tend powerfully to 
obstruet the propagation of sound.” The second of his references is 
made to what he calls “a very clear and able letter” addressed by 
Dr. Robinson, of Armagh, to the British Board of Trade in 1863, In 
this “ very clear and able letter” Dr. Robinson states that sonnd is 
the only known means for coping with fogs, but about it, he adds, 
“the testimonies are conflicting, and there is scarcely one fact relating 
to its use as « signal which can be considered as established.” But 
Dr. Robinson is clear on one point—to wit, that “fog is a powerful 
damper of sound,” 

On the strength of these historical references, Dr. Tyndall ven- 
tures the remark that, prior to the investigation conducted by hin, 
the views enunciated under this head by Derham, Herschel, and Rob- 
inson, “were those universally entertained.” It was in order to fill 
“the blank” indieated by the universal prevalence of such erroneous 
opinions that Aés inquiry, he says, was set on foot. «And his inquiry, 
he tells us, was begun May 19, 1873. 

Now, it is a matter, uot only of scientific knowledge, but of pub- 
lie notoriety in this country, that extensive researches on “the causes 
which affect the intensity of sound in the atmosphere” had been 
made by the United States Lighthouse Board long before Prof. 
Tyndall began his investigations. ‘That he should have chosen to 
ignore the fact in the body of his present volume beeomes only the 
more surprising when, on turning to its preface, we find that he was, 
as he confesses, “ quite aware di «@ general way that labors, like those 
now for the first time made public, had been conducted in the United 
States,” and “this knowledge,” he subjoins, “ was not without influ. 
ence npon my conduct.” If his knowledge of the similar labcas con- 
dueted under this head in the United States was not, as he acknowl- 
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edges, without influence on his conduct in giving direction to his 
researches, it will naturally occur to ordinary minds that this knowl- 
edge should also have been “ not without influence” on his pen when 
he was professing to give a summury of the existing state of science 
on this subject. And when to this statement of the case, as acknowl- 
edged by himself, we add that he was made acquainted with the 
nature and purport of Prof. Henry’s explorations on this question, not 
only “in a general way,” but also ina very special way, it becomes 
still more inexplicable that, in defining “the blank” which he claims 
to have filled by his recent inquiry, he should have disregarded the 
labors and results of American science, and that, too, w hile profiting 
by the instruments and methods of that science in the very conduct 
of his investigations. The reader will understand the foree of our 
remark that Prof. Tyndall was acquainted with the rescarches of Prof: 
Henry, not only “in a general way,” but also in a special way, when 
we state that a paper by the latter—on the abnormal phenomena of 
sound in relation to fog- signaling—was read by its author in the 
hearing of Prof. Tyndall at a meeting of the Washington Philosophi- 
cal Socicty, called for the purpose éf doing honor to the British sc- 
vant while he was sojourning in the national capital, And the force 
of our remark that he has ignored the results of American science in 
magnifying “ the blank” which he describes, while profiting by the in- 
struments and methods of that science in conducting his inquiry, will 
be understood when we say that the researches of Prof. Tyndall were 
proseeuted with the help of a steam-siren, gratuitously lent to hin by 
the Lighthouse Board at Washington, couenructed and patented by 
a citizen of New York, and introdueed by Prof. Henry into the light- 
honse system of the United States, 

We are now prepared for the next stage of this review. It so 
happened that while Prof. Tyndall was conducting his researches on 
sound in relation to fog-signaling, an officer of the United States Corps 
of Engineers, Major Elliot, had been deputed by the Lighthouse 
Board at Washington to make a tour of inspection in Europe, with 
instructions to report upon matters relative to lighthouse apparatus 
and the management of Highthouse systems. Major Elliot reached 
London a few days before Prof. Tyndall began his experiments at 
Dover, and was courteously invited to be present, but for want of 
time was compelled to forego the privilege. The results of the Eng- 
lish experiments were, however, subsequently communicated to Major 
Elliot by Sir Frederick Arrow, the Deputy Master of Trinity House 
(who, we are sorry to say, has since deceased), and were embodied in 
his report on the “Enropean Lighthouse Systems,” as recently pub- 
lished. The publication of Major Elliot’s report was accompanied, in 
the annual report of the United States Lighthouse Board for the 
year 1874, with the following observations ; 


“Major Elliot gives a detailed account of a late series of experiinents by the 
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Trinity House Board on fog-signals. Now, although this account is interesting 
in itself tu the public generally, yet, being addressed to the Lighthouse Board 
of the United States, it would tend to cunvey the idea that the facts which it 
status were new to the board, and that the latter had obtained no results of a 
siinilar kind; while a reference to the Appendix to this report will shew that the 
researches of our Lighthouse Bourd have been much more extensive on this sub- 
ject than those of the Trinity House, and that the latter hus established no fuets 
of practical importance which had not previously been observed and used by the 
Jormer.? 


The “ Appendix ” here referred to is from the pen of Prof. Henry, 
the chairman of the board, and details elaborate experiments on 
sound in relation to fog-signaling, as pursued in the serviee of the 
United States Lighthouse Board since the year 1855. Brought to 
book by this “ Appendix,” Prof. Tyndall asks his readers, in the pref- 
ace of the preseut edition of his volume, to bear in mind that “the 
Washington Appendix was published nearly a year after his [my] re- 
port to the Trinity House.” But in so writing it seems to have es- 
eaped his notice that in a subsequent part of this same preface he has 
confessed that he was “ quite aware in a general way” that labors 
like his own had been conducted in the United States, and that “ this 
knowledge was not without influence on his conduct.” And in so writ- 
ing he forgets, too, that he was an interested listener to the paper read 
by Prof. Henry on this subject in his hearing while he was in the 
United States, and before he had turned any attention at all to the 
phenomena of sound in connection with fog-signals. He states in the 
body of his book, as already mentioned, that his inquiry under this 
head began on May 19, 1878, several months after his “ general” 
and his special knowledge of what had been accomplished in this 
country. And yet, in the face of all these facts and acknowledgments 
he has allowed his “summary of existing knowledge” on the subject 
to stand without any recognition of American science in the premises 
—n suppression which does as little credit to his scientific generosity 
as to his literary art, for he can be convicted of delinquency in re- 
spect of the former by the inconsistency of statement into which he 
has fallen through a want of dexterity in the latter, 

We may, therefore, safely leave the acknowledged record to sub; 
stantiate the claims of the United States Lighthouse Board when 
they represent that their researches, rmming through many years, 
“are much more extensive on this subject than those of the Trinity 
House.” It remains for us only to consider the second branch of their 
representation—namely, that the latter (the Trinity Honse) “has 
established no facts of practical importance which had not been pre- 
viously observed and used by the former (the United States Light- 
house Board).” In support of this statement we may point to the 
fact that Prof. Tyndall nowhere pretends to have established by his 
researches any improvements whatsoever on the methods or instru- 
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ments of fog-signaling as practised in the United States. On the 
contrary, he acknowledges that in the choice of fog-signals for Brit- 
ish use his “ strongest recommendation applies to an instrument for 
which we are indebted to the United States.” He will remember, 
moreover, that while he was sojourning in the United States he 
songht and obtained opportunities from Prof. Henry to observe the 
operation of the steam-siren in the lighthouse at Sandy Hook. At 
that time, if not before, he was made acquainted with the progress 
not only of American science but also of American art under this 
head, And in view of the fact that, as the “scientific adviser” of 
the Elder Brethren of the Trinity House, he has counseled them to 
discard their English horns and whistles and to substitute for them 
the steam-sirens which have been, for several years, in the use of our 
American lighthouses, it would seem that the second branch of the 
claim advaneed by the hoard at Washington stands in as little need 
as the first of any additional reénforcement at our hands. Baeon re- 
joiecd in the fact that his philosophy was a philosophy which brought 
forth fruit in the serviee of man. The progress of American science 
in this department has been constantly bearing fresh frnit in the 
interests of eommerce and for the relief of the mariner. Daboll’s 
trumpet, an American invention, eame to supersede the use of gongs, 
and bells, and horns, and guns. To-day the steam-siren, an instru- 
ment devised and perfected under the direction of the United States 
Lighthouse Board, is acknowledged to be without a rival as an effi- 
ecient fog-signal. 

It is no part of our present purpose to institute a critical inquiry 
into the conflicting views of Prof. Henry and of Prof. Tyndall with 
regard to the hypotheses respectively espoused by each for the ex- 
planation of the phenomena of sound in its passage throngh wide 
traets of air. Prof. Henry believes that the direction and the rate of 
wind-eurrents are important elements in the problems presented by 
the phenomena in question. Prof. Tyndall] admits that “the well- 
known effect of the wind is exceedingly difficult to explain,” but he 
insists on making np the fagot of his scientifie opinions on the subject 
at once and forever without taking the “viewless winds” into his 
ageount. He finds a sufficient explanation of all the abnormal phe- 
nomena in the assumption of ideal clouds of vapor mingling with the 
atmosphere so as to disturb its homogeneity, and thereby to quench 
the body of sound. There is nothing in the working hypothesis of 
Prof. Henry which excludes any truth there may be in the working 
hypothesis of Prof. Tyndall. But, in the present provisional state of 
hig inquiries on the subject, the former is disposed to question the 
sufficiency of the explanation adduced by the latter as an efficient 
cause of all the phenomena in question. With the modesty and re- 
serve of the true physical philosopher, in the present unfinished state 
of scientific inquiry, Prof. Henry waits for the wider knowledge which 
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shall furnish the basis of an assured induetion meeting all the require- 
meuts of the problem. 

Prof. Tyndall, however, is impatient of any contradiction. He ad- 
mits that he has not verified the effect of wind-currents “ by means of 
a captive balloon rising high enough to catch the deflected wave,” but 
none the less he ventures to propound his hypothesis as the last word 
of science in the premises. Indeed, he takes great credit to himself 
for having been able to rise above “the authority ” of Prof. Henry in 
this investigation. He says that in one of his “ phases of thought” 
on the question he passed through the solution “which Prof. Henry 
now offers for acceptation,” “ weighed it in the balance,” and “found 
it wanting.” And, as if this langnage were not supercilious enough, 
he proceeds to indulge in the following self-complacent reflections ; 


“But though it (Prof. Ilenry’s solution of ocean-echoes] thus deflected me 
from the proper track, shall I say that authority in science is injurious? Not 
without some qualification. It is not only injurious, but deadly, when it cows 
the intellect into fear of questioning it. But the authority which so merits our 
respect as to compel us to test and overthrow all its supports, before accepting a 
conclusion opposed to it, is not wholly noxious. On the contrary, the disci- 
plines it imposes may be in the highest degree salutary, though they may end, as 
in the present case, in the ruin of authority.” 


It is impossible to conceive of language more expressive of vanity, 
conceit, and arrogance, than this ascription of intellectual superiority 
to which Prof. Tyndall treats himself on the assumption that he has 
laid “ the authority ” of Prof. Henry in “ruins” upon the question of 
atmospheric sound. At no time and in no place has Prof. Henry as- 
sumed to speak “by authority ” on the subject. The man of straw 
whom Tyndall sets up under cover of Henry’s name, in order to ex- 
hibit upon it the strength and prowess of his intellectual muscle, is a 
cheap device of rhetoric which a much inferior man might have dis- 
dained to employ in a ease like this. The cause of science does not 
profit by the self-landation of its yotaries, and Prof. Tyndall’s praises 
are in the mouths of too many people to render it necessary for him to 
praise himself at the expense of Prof. Henry or of anybody else. 


REPLY OF PROFESSOR TYNDALL} 


To the Editor of the Nation. 

Sm: I have been favored with a copy of the Nation of October 
Sth, and would ask permission to make a few remarks on the eritique 
of my work on “Sound” therein contained. 

With regard to Prof. Henry, I hope I am rot presumptuous in 
venturing the opinion, and expressing the belief, that his earlier scien- 
tific labors were marked by rare power and originality, and that his 
later years have been usefully and honorably employed in the service 


1From the Vaiion of December 23, 1875. 
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of his country. Such, if Idare say so, are the sentiments which I 
have ever expressed regarding Prof. Henry here and elsewhere. 

When I first learned that he was in danger of falling into what I 
considered to be grave scientific error, I went as far as friendliness 
dared go to avert it. I addressed to him a private letter, in which I 
tried to impress upon him the completeness and conclusiveness of the 
evidence which he seemed disposed to call in question. Tle did not 
honor that letter with any notice, preferring to discuss the subject 
publicly in the “ Report of the Washington Lighthouse Board.” He 
was clearly within his right in doing so; but I submit that I only 
exercised my right when I met him on ground thus chosen by 
himself. 

Wo English gentleman that I have consulted can discern in what 
Ihave written any violation of the dignity of scientific debate; but 
your article would lead to the inference that I had both violated com- 
mon honesty and taken leave of common-sense, I will not quote your 
words, because I cherish the hope that when you have reflected on 
them you will regret them. When I say “you,’ I mean the editor of 
the Nation, whose acquaintance I had the honor to make, and whose 
kindness I had the privilege to experience, in New York—I do not 
mean the writer of the article. Let me respectfully assure you, then, 
that, when I spoke of being “deflected by authority,” “ Prof. 
Henry’s solution of ocean-echoes” was not at all in my mind, nor his 
““rnin,” partial or total, in my calentations. Consider, I pray you, how 
impossible it is that this could have been the ease. The “ deflection” 
spoken of is expressly described as occurring at the outset of an inves- 
tigation begun in May, 1873, whereas the Washington report contain- 
ing Prof. Henrys solution of ocean-echoes is the report for 1874, 
which did not reach Europe until the spring of 1875. This, then, is 
the erumbling foundation on which your critic builds his odious 
charge. In verity, the remark on which he pours his peroratory 
invective was not meant for “laudation” of any kind, but merely to 
show the “ polar” character of anthority—its good side and its bad. 

It is easy, as you know, Mr. Editor, to sneer and to assail; bat 
less easy to show, withont going into details not worth the labor, that 
the sneer is unmeaning, and the assault unfair. Nevertheless, the 
broad lines on which, in the present instance, I would meet my anony- 
mous assailant may, I think, be made clear. Te industriously mixes 
together things which ought to be kept apart—experiments on fog- 
signals and inquiries into “the causes which affect the transmission 
of sound through the atmosphere.” The “ blank” which I proposed 
to fill is stated, with unmistakable clearness, to have reference solely 
to sueh “ canses.” Neither Tlerschel nor Robinson, as far as I know, 
ever made an experiment on fog-signals; still I qnote them. Why? 
Because they are the most eminent and anthoritative exponents of 
the theories of acoustic opacity which up to last year were entertained 
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by the highest scientific minds. Theirs, moreover, and Arago’s (not 
Prof. Henry’s), was the “authority ” which “deflected” me at first, 
Apart from the wind, the “causes” of acoustic opacity indorsed by 
these eminent men were rain, hail, snow, haze, and foe—everything, in 
short, that affected the optical clearness of the atmosphere. Prior 
to the South Foreland investigation, where, I would ask, is a “sys- 
tematic inquiry ” into these causes to be found? Surely, if such an 
inquiry has been published, it can be courteously pointed out and 
calmly discussed. If you can prove its existence you will have the 
right to demand from me the very fullest apology and reparation for 
stating that “no such systematic inquiry had to my knowledge been 
made.” Even then I could not charge myself with untruth; for my 
“knowledge ” was, and is, arithmetically what I have affirmed it to 
be; but I can confess ignorance and express regret. 

Give me your patience while I endeavor still further to make this 
matter clear, As regards the invention of instruments and their prac- 
tical establishment as fog-signals, so far was my knowledge behind 
“the science of the United States,” that I had never seen or heard 
one of those great steam-whistles until I met them at the South Fore- 
laud. The common “siren” is well Known to have been a familiar 
instrument with me, but the fog-sigual I first saw and heard upon its 
native soil in America—not, however, as your critie puts it, but at the 
request, twice repeated, of Prof. Henry. Further, to the best of 
my recollection, prior to the month of May, 1873, [ had only heard 
one or two experimental blasts from a fog-trumpet. In such work, 
then, I had neither part nor lot; and, if you will permit me to say so, 
though it is of the utmost practical value, I should hardly label such 
work with the name of “science.” Quite apart from those practical 
achievements lies the inquiry into “the causes which affect the trans- 
mission of sound through the atmosphere.” And, if I except the sa- 
gacious remark of General Duane which has been so curtly brushed 
aside, not a scintilla of light has been cast upon these causes by any 
researches ever published by the Lighthouse Board of Washington. 

Will you allow me to say, in passing, that Major Elliot, the able 
and conscientious officer whose excellent “ Report on the Lighthouses 
of Europe” was so displeasing to the board, did accept the invitation 
to Dover, and that to the present hour I feel indebted to him for the 
information and advice given to me at the time ? 

Upon my “ conduct” and the knowledge which “ influenced”? it, 
your critic rings the changes of his wit. It is, after all, a very simple 
and straightforward matter. The “conduct” consisted in my em- 
phatic advice to the Elder Brethren of the Trinity Honse not to con- 
fine themselves to home-made apparatus, but to include American ones 
in their inquiry. The subsequent trial led to the abandonment of the 
English instruments, and the adoption of others from Canada and the 
United States, The siren, for example—which your critic erroneous- 
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ly says was lent “ gratuitously” to me’—was paid for in February, 
1874, and two others are at this moment on their way from New York 
to England, Both by word and deed have we acknowledged our real 
obligations to the United States; but what we did not and could not 
acknowledge (for it was non-existent) was, any solution of the conflict- 
ing and anomalous results obtained with these fog-signals—results so 
conflicting and so anomalous as to cause reflecting minds to entertain 
doubts as to the capacity of the observers. Apart from the friend- 
ship shown to me at the time, all that I remember of the mecting at 
Washington, to which your critic refers, is the utter perplexity of 
everybody present, myself included, in regard to the matter in hand. 
T had iny guess—others had theirs; but we were quite at sea in our 
guesses, without a signal to guide us through the intellectual fog. 

Knowing, indeed, the ditticulty of the subject, when its inyestiga- 
tion was first proposed to me by the Elder Brethren, I shrank (as 
Faraday had done before me) from a work of such obvious labor and 
such uncertain scientitic promise. Doggedly, however, we attacked 
it, determined to go threugh the mechanical processes already fol- 
lowed by others, even if they led, as regards science, to an equally 
barren result. Out of the darkness at length came the dawn. We 
prolonged our investigations until they embraced every agent, save 
one, to which influence had been previously ascribed. The exception 
was snow. This, however, was directly met by observations made 
upon the Mer de Glace in the bitter winter of 1859, and which have 
been entirely confirmed by the later obgervations of General Duane. 
Having negatived antecedent theories, we wrought our way positively 
to the basis of the whole question. This we found in a cloud-world, 
invisible to the eye of sense, but as visible and certain to the mental 
eye as the ordinary cloud-world of our atmosphere. The lights and 
shadows of these “ acoustic clouds ”—the action of which must, at one 
time or another, have been noticed by every peasant within range of 
a peal of bells—sufficed to account for the most astounding variations 
of intensity. This, I say, has been established, not only by patient 
and long-continued observations afloat, but by laboratory experiments 
as indubitable as any within the range of physical science. 

And, let me add, it was neither whistles nor trumpets, nor yet the 
siren, which pomted out the way to this solution, but experiments 
with guns ably served by artillerymen from Dover Castle. 

I will not make any further draft upon your generosity, though, 
were it worth while to do so, other fallacies of fact and logie in your 
critie’s article might be exposed. He says, or intimates, for example, 
that I became “adviser” to the Trinity House after my “ lecturing 
tour in the United States in 1873.” Trelieved Michacl Faraday of 
this duty in May, 1856. My friends in New York hare already had 


It was lent to the Trinity House Corporation ; and I expressly signalize the lending 
as “an act of international courtesy worthy of imitation.” 
y y 
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to disperse other delusions regarding the “ profits” of that “ tour.” 
Such statements are eredible to the mean, ineredible to the high- 
minded, and were therefore never thought worthy of refutation by 
mé, And why should I now waste a word upon your critic’s closing 
sentences ? It will not make him noble to be told that envy is igno- 
ble; that, if ever “praise” has been adjudged to me by his country- 
men, it is not because I went ont of my way to seek it. It came to 
me unasked—an incident, not an aim—shining, as your own Emerson 
would put it, pleasantly because spontaneously, upon the necessary 
journey of my life. It was not, I ean truly say, the applause of large 
assemblies that constituted my chief happiness in the United States, 
but the ever-growing proof, for the most part undemonstrative, that, 
without swerving from my duty, I had gained a modicum of the attec- 
tion of the American people. Zhat I prized, and that I have songht 
to keep free from fleck, material or intellectual. For reasons best 
known to himself, your critic does not relish this relation; and he 
will damage it if he can. I cherish the belief that he will be unsuc- 
cessful. Ihave the honor to be, your obedient servant, 


Joun TyNDALu. 
Loxpox, Vovenber 23, 1875. 


SKETCH OF THOMAS STERRY HUNT, LL.D, F. RS. 


A ihe subject of the present notice, of whom an excellent portrait 
appears in this number, although still in middle life, has made 
extensive contributions to American science during the past genera- 
tion, and has permanently identified his name with its progress and 
development. Choosing two of the most rapidly-advancing sciences, 
chemistry and geology, as his field of work, and studying them espe- 
cially in their intimate and extensive interactions, he has had a large 
and honorable share in giving form to our present knowledge upon 
these subjects. Although an indefatigable experimenter and an ex- 
tensive observer, Dr. Hunt is also eminently an original and philo- 
sophic thinker, and has taken an influential part in the establishment 
of the most matured scientific theories. THe was early in the field of 
chemical speculation, and aided essentially in that revolution of views 
which has ended in the establishment of the ‘new chemistry.” 


Tuomas Sterry Hunt was born on the 5th of September, 1826, in 
Norwich, Connecticut, where he received his early edueation. He be- 
gan the study of medicine, but soon abandoned it for chemistry and 
mineralogy, and in 1845 became a private student with the present 
Prof. Benjamin Silliman at New Haven, acting meanwhile as chemical 
assistant to Prof. B. Silliman, senior, in the chemical laboratory of 
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Yale College. In 1847, while preparing to continue his studies in 
Great Britain, he was chosen to be chemist and mineralogist to the 
Geological Survey of Canada, then recently established under the 
direction of Sir William Logan, and having its headquarters at Mont- 
real, This position he hell for twenty-five years, resigning it in 
1872. He was, during this time, for several years a professor in the 
Laval University at Quehee, where he lectured on chemistry and 
geology in the French language, and was afterward Professor of 
Chemistry and Mineralogy at McGill University, Montreal. Coming 
to Boston in 1872 he took the chair of Geology in the Massachusetts 
Institute of Technology, made vacant by the resignation of Prof. Wil- 
ham DG. Rogers, a post which he still occupies. He has never married. 

His earlier scientific labors were chiefly in the domain of chem- 
istry. Prof. B, Silliman, in his “Ilistory of American Contributions 
to Chemistry,” which appeared in the “ Proceedings of the Centennial 
of Chemistry ” (American Chemist tor 1874), says: 

‘The name of no American chemist occurs more frequently, or in a more 
important relation to the progress and development of our science during the 
past quarter of a century, than that of Dr. Hunt. His contributions have been 
equally valuable in theoretical chemistry, in chemical philosophy, and in geo- 
logieal and mineralogical chemistry. No other author has covered a wider 
range than he. Not less than one hundred and thirty entries are found under 
his name in the second and third series of the American Journal of Science, 
and adding those published in Canada, England, and France, and some memoirs 
in the proceedings of various American societies, the total roll of lis papers 
amounts to about one hundred and sixty titles.” 


A considerable proportion of these, however, relate to pure geology. 

From the “ History” just quoted, and from a biographical notice 
in Tue American Cyctop.epia, we learn of Dr. Hunt’s important 
contributions to theoretical chemistry, and his attempts to introduec 
into the sciences of chemistry and mineralogy a new philosophy, some 
points of which will be found in his address in 1874, at the Centennial 
of Chemistry at Northumberland, Pennsylvania, entitled “A Cen- 
tury’s Progress in Chemical Theory.” His papers on these subjects 
were widely copied and translated, and have greatly influenced mod- 
ern chemistry. At an early date Dr. Hunt prepared a summary of 
organic chemistry, which he first defined to be the chemistry of car- 
bon and its compounds, and which forms a part of Silliman’s “First 
Principles of Chemistry” (1872), A statement of some of the aspects 
of the science will be found in the last annual address before the Mas- 
sachusetts College of Pharmacy, delivered by him, on “The Relations 
of Chemistry to Pharmacy and Therapeutics” (Boston, 1875); and we 
present an abstract of this in the present number. It is said of Dr. 
I[unt, in the notice above referred to, that his researches on the chem- 
istry of soda and mineral waters have probably been more extended 
than those of any other living chemist. These have been both syn- 
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thetic and analytic, and we owe to him elaborate studies of the chem- 
istry of lime and magnesia, undertaken with reference to the origin 
of the native combinations of these bases. Mention should also be 
made of his contributions to a chemical cosmogony and to a compre- 
hensive theory of chemical and dynamical geology, a sketch of which 
will be found in his essay on “The Chemistry of the Earth,” in the 
“Sinithsonian Report” for 1869. 

Dr. Hunt’s numerous contributions to chemistry and geology in 
their technical applications relating to soils, fertilizers, peat, building- 
materials, the manufacture of salt, and the ores and metallurgy of iron 
and copper, will be found in the publications of the Geological Survey 
of Canada, and in part in the proceedings of the Institute of Mining 
Engineers. See also his essay on “The Coal and Iron of Southern 
Ohio” (Salem, 1874). A large part of the reports of the Canada Sur- 
vey during twenty-five years was contributed by him, and also the lat- 
ter haif of the large volume entitled “ Geology of Canada” (1863). 

Among Dr. Hunt’s later contributions to geology are his studies 
of “Granites and Granitic Veinstones;” “The Geognosy of the Ap- 
palachians and the Origin of Crystalline Rocks” (1871); and the 
“History of the Names Cambrian and Silurian in Geology ” (1872). 
His views as to the crystalline, stratified rocks, their genesis, their 
great antiquity as opposed to the notion of their more recent origin, 
and his grouping and classification of them, undertaken after many 
years of research and comparison over a wider field than has been 
studied by any other American geologist, constitute a new departure 
in the science. They have attracted much attention, and, despite some 
attacks, are finding a wide recognition, both in this country and in 
Europe. The three essays just named, together with some others, on 
various subjects of chemical geology, including mineral waters, dolo- 
mites, gypsum, petroleum, and ore-deposits, with many notes and addi- 
tions, and with selections from his papers on the philosophy of chem- 
istry and mineralogy, have lately been published in a volume entitled 
“ Chemical and Geological Essays ” (Boston, 1875). Of this work a 
notice appeared in Tur PoruLar Science Montu ty, vol. vi., p. 372. 
It is understood that he is now preparing a “TIandbook of American 
Geology.” During the past summer he has been engaged in the new 
Geological Survey of Pennsylvania under Prof. Lesley. 

Dr. Hunt was President of the American Association for the Ad- 
vancenment of Science in 1870. He is a member of the National Acad- 
emy of Science, the American Philosophical Society, and the American 
Academy of Boston, In 1859 he was elected a Fellow of the Royal 
Society of London, We is a member of the Imperial Leopoldo-Caro- 
linian Academy of Germany, and of the Geological Socictics of France, 
Belgium, Austria, Ireland, ete. He was a member of the International 
Jurics at the Great Expositions at Paris in 1855 and 1867, and on the 
latter occasion was made an officer of the Legion of Honor. 
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SOUNDING A NEWSPAPER FOG. 
HE readers of the Monrniy will 
find elsewhere in our pages an ar- 
ticle which appeared several weeks ago 
in the Nation, containing an attack upon 
Prof. Tyndall, which, from the character 
of its charges, and the bitterness of its 
tone, excited the surprise and regret of 
many. It was replied to by Prof. Tyn- 
dall, whose letter we also republish. 
Tt will be seen that the assault is direct- 
ly met, and, in bis rejoinder to Prof. 
Tyndall’s letter, the writer in the N- 
tion admits that he was in error, while 
his admission covers the main and most 
offensive imputations. But, as his fur- 
ther comments are calculated to con- 
tinue a false impression, and as base 
charges always go faster and farther 
than their retractions, especially when 
considerable time elapses before they 
can be authoritatively contradicted, it 
is desirable that we should here briefly 
review the leading features of the case, 
The charge against Prof. Tyndall, 
as the reader will see, is generally, that, 
in the third and recently - published 
edition of his work on “Sound,” he 
has not done justice to the contribu- 
tions of American science toward the 
elucidation of the subject of fog-signals, 
More specifically it is that, when in this 
country, he got information upon the 
subject from a paper read by Prof. 
Ilenry, went home and entered upon 
the investigation himself, published in 
his book the results of his own inqni- 
ries, and, while acknowledging that he 
knew generally of what had been done 
in America, and that it was not with- 
out influence on his conduct, yet that 
he ignored or “suppressed” from his 
summary of existing knowledge upon 
the subject any recognition of what 
had been accomplished by the United 


States Lighthouse Board under the di- 
rection of Prof. IFenry. 

Now, Ict us see what Prof. Tyndall’s 
position was as avowed by himself in a 
statement widely published in this coun- 
try months before the attack in the 
Nation was made, The August num- 
ber of Tue Popurar Science Monrnty 
contains, in full, the preface to the 
third edition of “Sound,” in which 
the American relations of the matter 
are considered. A summary is there 
given of the experiments of Prof. Henry 
in regard to the penetration of fog by 
sound, and the performance of various 
instruments of American construction 
designed to be used as coast-signals; 
and the remark is added that “it is 
quite evident from the foregoing that, 
in regard to the question of fog-signal- 
ing, the Lighthouse Board of Washing- 
ton have not been idle.” Prof. Tyndall 
states, furthermore, that he had recom- 
mended American instruments for fog- 
signaling to the British authorities as 
superior to the English instruments, 
and that they had been adopted on his 
recommendation. Every fair-minded 
reader, upon perusal of that paper, will 
agree, we think, that Prof. Tyndall 
wrote truthfully when he said: “In 
presence of these facts it will hardly be 
assumed that I wish to withhold from 
the Lighthouse Board of Washington 
any credit which they may fairly claim.” 

But, having thus testified to the 
character, extent, and importance of 
American work upon this subject, Prof. 
Tyndall proceeds to state what in his 
opinion the Lighthouse Board has failed 
todo. Ile says: ‘“‘My desire is to be 
strictly just; and this desire compels 
me to express the opinion that their 
report fails to establish the inordinate 
claim made in its first paragraph. It 
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contains observations, but contradictory 
observations; while, as regards the es- 
tablishment of any principle which 
should reconcile the conilicting results, 
it leaves our condition unimproved.” 
A distinction is here drawn, and 
again recognized in his letter, that 
goes to the root of the subject; the dis- 
tinction, namely, between experiments 
on fog-signals made for direct purposes 
of utility, and similar experiments con- 
ducted with a view to the establishment 
of scientific principles. This discrimi- 
nation is all-important. It is no doubt 
possible to have both objects more or 
less in view in such an inquiry; but itis 
also possible that either may so predom- 
inate as to characterize the respective 
courses of investigation, and yield very 
disstmilar results. Elaborate experi- 
ments may promote practical ends, and 
contribute little or nothing to science; or 
they may advance scientific knowledge 
without any immediate influence upon 
practice. It was claimed by Prof. Henry, 
in his Appendix to the report of the 
Lighthouse Board for 1874, that the 
researches of the board had been more 
extensive on this subject than those in 
England, as well as prior to them; but 
the question remains, To what purpose 
were they carried on? The answer to 
this question, defining the character and 
object of the inquiries, is immediately 
given in the statement that the Ameri- 
can results of ‘practical importance” 
are in advance of the English. The 
writer in the Nation speaks of ‘ Amer- 
ican science’ as bearing Baconian fruit, 
such as Daboll’s trumpet and Brown’s 
steam-siren. These devices and con- 
struction are, no doubt, highly impor- 
tant, but there is certainly a wide differ- 
ence between the invention of whistles 
and systematic inquiries into the causes 
of acoustical phenomena. No one doubts 
the immense value to the country and 
to civilization of the labors directed 
by Prof. Henry, as chairman of the 
Lighthouse Board; but he has him- 
self declared their practical character, 
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and how broadly true is this character- 
ization appears from a passage in a let- 
ter which he wrote to the Secretary of 
the Treasury, dated February 22, 1875, 
defending the Washington board against 
an attack made upon it in Congress. It 
is noteworthy, also, as showing that, 
when Prof. Henry wishes to protect 
himself from adverse criticism, he falls 
back upon the verdict pronounced by 
Prof. Tyndall in this very matter of 
fog-signals. Prof. Henry said: ‘“ The 
board has a standing committee on 
experiments which has accepted and 
sought to test every invention that 
could be supposed to aid the mariner. 
Many illuminants, various devices in 
enginecring, expedients for floating aids, 
plans, and theories of all kinds, have 
received its attention. To this accusa- 
tion can be opposed on behalf of the 
board the verdict of foreign nations, 
the tributes of scientific associations, 
and the contented judgment of mari- 
time and commercial men from whom 
no complaints are received. Its buoys 
are excellent in their construction; its 
buoy-service is well performed ; its 
light-ships are equal to any in the world; 
its lights are entirely satisfactory to the 
commercial and nautical men for whose 
interest they are maintained; and its 
fog-signals surpass, in the finding of 
Prof. Tyndall, who conducted a series 
of experiments for the Trinity Honse 
Board, those of all other nations, and 
have been adopted for England.” But 
it is claimed that Prof. Tenry’s inves- 
tigations constitute also an important 
contribution to ‘American science,” in 
relation to fog-signaling. Prof. Tyndall 
denies that they have at all advanced 
our scientific knowledge upon the sub- 
ject, and the writer in the Nation had 
this denial before him when he wrote, 
It was his plain business, then, to dis- 
prove it if he could, and give the evi- 
dence that Prof. Tyndall was in error. 
The simple question is, What new 
scientific principles have been estab- 
lished, or what causes elucidated by 
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Prof. Henry’s investigations, constitut- 
ing an advance of scientific knowl- 
edge in this branch of acousties, that 
Prof. Tyndall has omitted or “ sup- 
pressed”? in his work? If any thing 
has been accomplished in this country 
toward the scientific solution of such 
acoustical problems in relation to fog- 
signaling—if any new light has been 
cast upon the phenomena that ex- 
plains anomalies and reconciles contra- 
dictions, which was not acknowledged 
by Prof. Tyndall in his book—we sub- 
mit that it was the obvious duty of the 
writer in the Vation to point out what 
it was. He should have indicated the 
gap in Prof. Tyndall’s summary of the 
present state of knowledge, or he should 
have shown us what principles or re- 
sults, there stated, are due to American 
research. Ie says: “It is no part of 
our present purpose to institute a critical 
inquiry into the contlicting views of 
Prof. Henry and of Prof. Tyndall with 
regard to the hypotheses respectively 
espoused by each for the explanation 
of the phenomena of sound, in its pas- 
sage through wide tracts of air.” Yet 
the whole question turns on the scien- 
tific “views”? contributed by Prof. 
Menry which it is alleged that Tyndall 
has ignored. He speaks of the views 
“respectively espoused” by the par- 
ties; but the question is on the views 
originated, Prof. Henry is understood 
to adopt the theory propounded by 
Prof. Stokes at the British Associa- 
tion in 1857, aecording to which sound- 
waves are tilted through the air under 
the influence of wind. That theory is 
certainly not ‘ suppressed” from the 
new edition of “Sound.” In his re- 
joinder to Prof. Tyndall's letter, the 
Wation’s critic reaffirms his assertion, 
saying, “The question between us is 
not one of sedence, but of historical 
fact.” But his complaint in the first 
article was certainly of the non-recog- 
nition of “ American science.” Obvi- 
ously Prof. Tyndall had to decide what 
is science and what is not, which looks 
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to us very much like a scientitic ques- 
tion. In his ‘‘summary of existing 
knowledge,” it was not his* business 
merely to chronicle experiments. Ile 
had to deal only with such systematic 
inquiries into causes as yield results 
properly entitled to take their place 
in the body of scientifie knowledge. 
We do not say that Prof. Henry’s re- 
searches have failed to extend the do- 
main of positive scientific knowledge, 
but only that the writerin the Nation 
was bound to establish this, before ac- 
cusing Prof. Tyndall of delinquency in 
not recognizing it. 

But it is the closing passage of the 
Nation's article which has excited the 
greatest surprise, betraying, as it obvi- 
ously does, a vicious state of feeling on 
the part of the writer. We there rep- 
resents Prof. Tyndall as having claimed 
to demolish the authority of Prof. Hen- 
ry, and as swaggering over the “ruin” 
he had accomplished. In half a dozen 
lines, Tyndall is accused of ‘“super- 
ciliousness,” “self-complacency,” ‘“van- 
ity,” “conceit,” “arrogance,” and ‘‘self- 
laudation;” and this upon an utter- 
ly false and absurd interpretation of 
some incidental remarks in his preface. 
The following is the passage that called 
forth this storm of offensive epithets: 

“The clew to all the difficulties and 
anomalies of this question is to be found in 
the aérial echoes, the significance of which 
has been overlooked by General Duane, and 
misinterpreted by Prof. Henry. And here 
a word might be said with regard to the in- 
jurious intinenee still exercised by authority 
in science, The agirmations of the highest 
authorities, that from clear air no sensible 
echo ever comes, were so distinct, that my 
mind for a time refused to entertain the idea. 
On the day our observations at the South 
Foreland began, I heard the echoes. They 
perplexed me. I heard them again and 
again, and listened to the explanations of- 
fered by some ingenious persons at the Fore- 
land. They were an ‘ocean-ceho;’ this is 
the very phraseology now used by Prof. 
Henry. They were echoes ‘ from the crests 
and slopes of the waves ;” these are the words 
of the hypothesis which he now espouses. 
Through a portion of the month of May, 
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through the whole of June, and through 
nearly the whole of July, 1878, I was oceu- 
pied with these echoes ; one of the phases of 
thought then passed through, one of the so- 
lutions then weighed in the balanee and 
found wanting, being identical with that 
which Prof. Henry now offers for solution. 

“But though it thus deflected me from 
the proper track, shall I say that authority 
in science is injurious? Not without some 
qualification. It is not enly injurious, but 
deadly, when it cows the iutelleet isto fear 
of questioning it. But, the authority which 
so Inerits our respect as to compel us to test 
and overthrow all its supports before aecept- 
ing a conelusion opposed to it, is not wholly 
noxious. On the contrary, the disciplines it 
imposes may be in the highest degree salu- 
tary, though they may end, asin the present 
ease, in the ruin of authority. The truth 
thus established is rendered firmer by our 
struggles to reach it,” 

A correspondent of the Nation from 
Baltimore, quoting the above passage, 
characterizes the ‘glaring injustice” 
of the concluding portion of its arti- 
cle, and adds: ‘Any candid reader 
can see that the passage on which your 
reviewer bases such serious imputations 
cannot possibly bear the interpretation 
which every one reading it as given in 
your review is compelled to put upon 
it. Prof. Tyndall never indicates that it 
was the authority of Prof. Henry that 
impeded him in his researches.” The 
sentence italicised in the extract upon 
the previous page is perfectly conclu- 
sive in showing what Prof. Tyndall did 
mean by the authority which embar- 
rassed him until he rejected it. 

In his letter Prof. Tyndall puts 
an end to the charge, so that the Na- 
tion is compelled to acknowledge it- 
self ‘‘in error in supposing that the 
claim of Dr. Tyndall to have ruined 
authority was aimed at Prof. Henry.” 
One would think that, when the Na- 
tion’s critic had been convicted of blun- 
dering by a correspondent, and when 
his fabric of detraction had been so ef- 
fectually demolished by Prof. Tyndall 
himself that the writer was compelled 
to back out of it, he would have had 
the grace to drop the subject. But, on 
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the contrary, he renews the insulting 
imputation. Having made a slanderous 
charge entirely upon the assumption 
that Prof. Tyndall was exulting in the 
ruin of Prof. Wenry’s authority, and 
having barbed his article with this libel, 
when it was swept away, he says: ‘It 
would have been more in order for him 
to show the propriety of his language 
in claiming to have ‘ruined’ the ‘au- 
thority ’ of any one among his scientific 
predecessors, for it was on the alleged 
self-conceit implied in such a claim as 
made by himself that we based our 
‘peroratory invective.’ ” 

Now, we aver that there is nothing 
in the passage quoted that is open to 
the offensive construction here put upon 
it, and which never would have been 
thought of, but for the unscrupulous 
distortion of its meaning by the Na- 
tion’s critic; but that the real import 
of the extract is entirely contrary to 
that which has been ascribed to it. 
That which was written to enforce the 
lesson of cautious self-examination and 
eircumspection in dealing with the men- 
tal difficulties of scientifie research is 
wrested into an opposite expression of 
arrogance and self-conceit. It is not 
to be forgotten, here, that the scientific 
man, to the extent of his originality 
aud power, is a questioner of things 
established. His attitude is that of an 
enemy of authority. It is his recog- 
nized business, as evinced by the com- 
mon forms of speech, to “subvert” au- 
thority, to “break down” authority, to 
“overthrow,” “crush” and ‘ruin’? au- 
thority. Call the motive which impels 
the man of science what you please, 
the fact remains that in virtue of his 
being a man of science, aiming to ar- 
rive at new views, he is a destroyer of 
authority. But just because this is his 
necessary work he is in danger from 
the state of mind it produces; and it 
becomes important not to forget that 
there is good as well as bad in author- 
ity. Prof. Tyndall simply intimated the 
need there is that the inquirer should 
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be on his guard. Every one familiar 
with his writings is aware that he dif- 
fers from most of his seientifie colleagues 
by looking habitually from the subject 
he is investigating to the working of 
his own mind in the investigation, and 
by frequently throwing parenthetical 
remarks of a philosophical, rather than 
of a strictly scientific significance, into 
his expositions. 
vations about authority in the preface 
are clearly of this kind. In his ‘‘ Leet- 
ures on Light,” second edition, page 80, 
he remarks: ‘ Newton’s espousal of 
the emission theory is said to have re- 
tarded seientific discovery. It might, 
however, be questioned whether, in the 
long-run, the errors of great men have 
not really the effect of rendering intel- 
leetual progress rhythmical, instead of 
permitting it to remain uniform, the 
retardation in each case being the pre- 
lude to a more impetuous advance. It 
is confusion and stagnation rather than 
error that we ought to avoid.” Now, 
the underlying thought in the passage 
from the preface above quoted is mani- 
festly the same as that here expressed. 
The object in both cases is, simply to 
bring out the uses of authority, and no 
candid reader will recognize any ele- 
ment of ‘self-laudation” in the one 
case any more than in the other. 

It has hitherto been thought that, 
as discoveries are the result of mental 
operations, science is always the gainer, 
when an intelligent account is given of 
the intellectual processes by which a 
new result is reached; but it now seems 
that if one refers to his own thoughts 
he must expect to be snubbed as an 
egotist. And, particularly, if he at- 
tains conclusions of moment, involving 
the upsetting of former theories, and 
where it is of increased importance to 
know the mental operations that lead 
to them, he will be pretty certain to find 
some mocking cynie who will twit him 
with his “‘self-conscionsness, explaining 
to itself and to others how it grew so 
great.” It is a little comical, however, 
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to take lessons in humility from a writer 
who mounts the judgment-seat and ex- 
hausts the vocabulary of abuse in de- 
preciating others; or to listen to hom- 
ilies on modesty from a journal that 
sets up each week to criticise all that 
is going on in the universe—while both 
are convieted of detraction on the basis 
of the most brazen perversions. 


“THE CONFLICT OF AGES.” 


We ask careful attention to the ar- 
gumentof President White on the “ War- 
fure of Science,” the first installment of 
whieh opens the present number of the 
Monruty, and the second of which will 
appear in our next issue. The import 
of his clear-ent thesis, and the vigor, 
learning, and logical force, with which 
it is sustained, will command the admi- 
ration of all intelligent students of the 
subject. But that which makes Presi- 
dent White’s diseussion unique, and es- 
pecially valuable, at this time, is tne 
copious notes and references by which 
it is enriched and fortified, and which 
open the way to the whole literature 
of the question for the benefit of those 
who desire to consult the original an- 
thorities. At this time, when the hot 
temper of controversy Jeads to much 
random and reckless statement, it is 
desirable to know, very clearly, what 
can be proved, and where the proof can 
be found: President White’s article is, 
therefore, opportune, and will be espeei- 
ally valued at present, while it must also 
take its place ag a permanent contribu- 
tion to a question which is bound to be 
of increasing interest in the future. 

That we may not be accused of par- 
tiality or injustice to opposite views, 
we print also, in this number, an elab- 
orate and earnest argument, delivered 
at the inauguration of Vanderbilt Uni- 
versity, by Dr. Deems, on the other 
side of the question. The address is 
liberal in spirit, and often bold in its 
concessions, but we can hardly assent 
to its opening declarations. The author 
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maintains that “ the recent cry of ‘the 
Conflict of Religion and Science’ is fal- 
lacious and mischievous to the interests 
of science and religion, and would be 
most mournful if we did not believe 
that, in the very nature of things, it 
must be ephemeral. Its genesis is to be 
traced to the weak foolishness of some 
professors of religion, and to the weak 
wickedness of some professors of sci- 
ence.” 

On the contrary, we consider this 
conflict to be natural and inevitable, to 
be wholesome rather than mischievous; 
and having convulsed the world for 
centuries, and being still rife, with lit- 
tle prospect of speedy adjustment, we 
hardly see low it can be regarded as 
“ephemeral.” Nor can it be much de- 
pendent upon the attributes here as- 
signed to some of the controversialists. 
If the said professors of religion were 
brayed in a mortar until all their folly 
departed from them, and the said pro- 
fessors of science were all regenerated, 
the relations of the subjects would still 
give rise to hostility, and raise up new 
antagonists. No truce among the lead- 
ers can affect the deeper issues as viewed 
by the general mind. Something ought 
to be learned from experience, and that 
there has been a long and fierce antag- 
onism between what has passed under 
the name of religion, and what has 
passed under the name of science, is 
sufficiently shown from the evidence 
furnished by President White. That 
the antagonism continues, is not because 
of the wrong-headedness of a few par- 
tisans who are bent upon stirring up 
strife, but because science is driving on 
with its researches, regardless of any 
thing but the new truth it aims to reach, 
while the religious world is full of anx- 
iety and dread about what is going to 
happen as a consequence of this uncon- 
trollable inovement. Those who think 
the existing phase of the alleged conflict 
illusive are requested simply to consider 
the attitude of mind of the great mass 
of devout and sincerely religious people 
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toward the more advanced scientific 
conclusions and scientific men of the 
present day. It is no test of the matter 
to determine how the great body of re- 
ligious people now regard the science 
established in former times. The re- 
ligions liberality of each age is put upon 
its trial by the questions arising in each 
age. In our own time biology is the 
branch of science that is most progres- 
sive and occupies the attention of, per- 
haps, the largest number of investiga- 
tors who are busy inquiring about the 
origin of life, the antiquity of man, cere- 
bral psychology, the laws of force mani- 
fested in living beings, and the evolu- 
tion of organic forms in the course of 
Nature. How are such inquiries re- 
garded by the multitude of devoutly 
religious people? Are they not con- 
sidered “dangerous?” Are they not 
viewed by this class exactly as the new 
doctrines in astronomy and geology 
were viewed by the same class in for- 
mer times, that is, as hostile to faith 
and subversive of religion? Is there no 
conflict here? Are the brand of ‘“ma- 
terialism ’ which is put upon biological 
study in our times, and the charge that 
a materialistic science is aiming to cut 
up religion by the roots, indicative of 
harmony between these parties? Sci- 
ence must go on, and, if her results 
thus far are bad, there is no prospect 
that they will be better in the future. 
There can be only one basis of substan- 
tial peace, and that is the entire indif- 
ference of religious people, as such, to the 
results of scientific inquiry. This they 
cannot attain until far better instruct- 
ed than at present; and we apprehend 
that it will take very considerable time 
to reach that desirable consummiation. 


END OF THE PENIKESE SCHOOL. 


Tue proposition made three or four 
years ago, and due, as we understood, 
to Prof. Shaler, to establish a School 
of Natural History at Nantucket for the 
benefit of the teachers of the country, 
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and at the time of their vacation, we 
thought one of the most feasible and 
important educational movements of 
the time. The plan was comprelen- 
sive, involving the services of some 
twenty lecturers who were masters of 
the several departments of natural his- 
tory; and it was received with such 
favor throughout the country, that it 
was certain a very large number of 
students would have collected there 
to avail themselves of the superior 
instruction that could have been af- 
forded. The island, besides, was con- 
veniently accessible, and the accom- 
modations offered by the town aiple, 
excellent, and moderate in price. There 
was, in short, large practical promise in 
the enterprise. 

But it was not carried out, and in 
its stead there grew up another schoal 
in natural history, under the auspices 
of Messrs. Agassiz and Anderson, on 
another island, difficult of access and 
without accommodations, But few pu- 
pils could be taken, and the large ex- 
penses of the experiment, under the 
peculiar circumstances, had to be de- 
frayed from without. The necessary 
funds not being forthcoming, the proj- 
ect collapsed, and the school is num- 
bered among the things that were. 
Much regret has been expressed at the 
result; but we shed few tears over the 
failure of the Penikese School. Why 
should money be wasted in sustaining 
a school in an ill-chosen station that 
limits its usefulness and entails inordi- 
nate expense? We observe that the 
editor of Nuture, in announcing the 
abandonment of the institution, and 
explaining the unpleasant controversy 
that accompanied it between Mr. An- 
derson, the donor of the island, and the 
trustees, speaks in a tone of strong re- 
gret at the result. Ile thinks it un- 
fortunate that Mr. Anderson had not 
contributed a little more money, as, 
“had he done so, those interested in 
the success of the school would have 
had time to set about raising something 
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like an endowment fund, and @ jine op- 
portunity would have been afforded to 
the United States Government to show 
their appreciation of practical scien- 
tifie teachers and scientific research.” 
The italics here are our own, and the 
suggestion they convey admirably illus- 
trates the easy tendency and universal 
readiness there is to go to Government 
for help to sustain every thing that can- 
not be sustained by tho appreciation 
and liberality of the community. <A 
school absurdly located, costly, and re- 
stricted, is not supported by the pub- 
lic—with all its appreciation of educa- 
tion and readiness to contribute to it 
whenever its contributions are wisely 
expended—and so the state is invoked 
to assume the burden due to bad caleu- 
lations. We think it is a good deal 
better that the concern should have 
been wound up than to have dragged 
along in a precarious way, or got a 
subsidy from the Legislature, as it will 
perhaps cease to be a hindrance to the 
organization of other schools in better 
circumstances. 


THE EDUCATION QUESTION AT MONT- 
PELLIER. 


THERE are many indications of a 
very serious struggle, almost coexten- 
sive with civilization, between ecclesi- 
astical authority and the liberal spirit 
of the age on the subject of education. 
Religion may not be responsible for it, 
but religious bodies are involved in it, 
and it threatens to become a matter of 
increasing difficulty, notwithstanding 
our vaunted enlightenment and the suc- 
cess of free government. The most nu- 
merous sect of Christendom has its own 
policy on the subject of education, and 
clings to it invincibly, though with a wise 
discretion in the avowal of its claims. 
The passages given in the following 
letter are an undisguised statement of 
the demands of the Romish Church as 
to its right to educate mankind. 

The following letter from Prof, 
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Tyndall, bearing upon this subject, late- 
ly appeared in the London Times: 


“ A learned French friend has favored me 
with a copy of a letter recently published in 
Franee, and bearing the following title: 
‘Letter of Monsignor the Bishop of Mont- 
pellier to the Deans and Professors of the 
Faculties at Montpellier.’ Its date is the 
sth of this month of December, 1875. One 
or two extracts from it may not be with- 
out their value for the people of England 
and of America, to whom, in our day, has 
fallen the problem of education in relation 
to the elaims of Rome. 

“The bishop writes to the deans and pro- 
fessors aforesaid: 


“Now, gentlemen, the holy Church holds 
herself to be invested with the absolute right 
to teach mankind; she holds herself to be 
the depositary of the truth—not a fragmen- 
tary truth, incomplete, a mixture of certain- 
ty and hesitation, but the total truth, eom- 
plete, from a religious point of view. Much 
more, she is so sure of the infallibility con- 
ferred on her by her Divine Founder, as the 
magnificent dowry of their indissoluble al- 
lianee, that even in the natural order of 
things, scientifie or philosophical, moral or 
political, she will not admit that a system 
can be adopted and sustained by Christians, 
if it contradict definite dogmas. She con- 
siders that the voluntary and obstinate de- 
nial of a single point of her doctrine in- 
volves the crime of heresy, and she holds 
that all formal heresy, if it be not coura- 
geously rejected prior to appearing before 
God, earrics with it the certain loss of grace 
and of eternity. 

“© As defined by Pope Leo X., at the Sixth 
Council of the Lateran, ‘‘ Truth cannot eon- 
tradiet itself; consequently, every assertion 
contrary to a revealed verity of faith is nee- 
essarily and absolutely false.’ It follows 
from this, without entering into the examina- 
tion of this or that question of physiology, 
but solely by the certitude of our dogmas, 
we are able to pronounce judgment on any 
hypothesis which is an anti-Christian engine 
of war rather than a serious conquest over 
the secrets and mysteries of nature.’ 


“ Liberty is a fine word, tyranny a hate- 
ful one, and both have been eloquently em- 
ployed of late in reference to the dealings 
of the secular arm with the pretensions of 
the Vatican, But ‘liberty’ has two mu- 
tually exclusive meanings—the liberty of 
tome to teach mankind, and the liberty of 
the human race. Neither reconcilement nor 
compromise is possible here, One liberty 
or the other must go down. This, in our 
day, is the ‘conflict’ so impressively de- 
scribed by Draper, in which every thought- 
ful man must take a part. There is no dim- 
ness in the eyes of Rome as regards her own 
aims; she sees with a clearness unap- 
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proached by others that the school will be 
either her stay or her ruin. Jlence the su- 
preme effort she is now making to obtain 
the control of education; hence the asser- 
tion by the Bishop of Montpellier of her 
‘absolute right to teach mankind.? She 
has, moreover, already tasted the fruits of 
this control in Bavaria, where the very lib- 
erality of an enlightened king led to the 
fatal mistake of confiding the schools of the 
kingdom to the ‘ doctors of Rome.’ 
“Your obedient servant, 
“ Joun TYNDALL. 
“ArnEenzUM, December 16, 1875." 


The University of Montpellier, to 
the deans and faculties of which the 
above notification is addressed, is one 
of the oldest and most honored univer- 
sities of Europe. It was foundedin the 
twelfth century, its medical faculty by 
the Spanish Arabs. Situated in what 
was formerly called Languedoc, one of 
the southern portions of France, it 
has a botanical garden, the first that 
was established in Christendom. Its 
Observatory has for ages been in re- 
pute, its Musenms of Natural History 
and Fine Art have long been celebrated. 
It has made its city one of the intellect- 
ual centres of France. 

In this university was first trans- 
lated into Latin Ptolemy’s great Greek 
work, the “Alma Gest.’? One of the 
regents was the first European to make 
tables of the moon, and to determine 
the obliquity of the ecliptic. He is 
honorably mentioned by Copernicus. 
In literature it is distinguished by being 
the seat of the earliest eultivation of a 
modern language. From the romance 
literature of Langue d’Oe, Petrarch and 
Dante took their inspirations. 

But in another respect it has a mem- 
orable celebrity. Here the Inquisition 
was first organized, and Languedoc was 
the seat of the most dreadful perseeu- 
tions that the world has ever witnessed. 
Thousands of persons were put to death, 
whole cities were burnt. The French 
Protestantism of the middle ages was 
extinguished by fire and sword. The 
professors and doctors of the universi- 
ty were expelled from the country. 
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Six centuries have not sufficed to 
abate this ecclesiastical bigotry. There 
is the Bishop of Montpellier claiming 
for his Churel the exclusive right to 
teach mankind. Ie leaves no doubt as 
to what sort of teaching it would be. 
Nothing inconsistent with the doginas 
of the Chureb. None of your astron- 
omy, or geology, or physiology, or oth- 
er atheistic sciences. Let American 
colleges and universities lay this thing 
to heart! Their turn may some day 
come. 


LITERARY NOTICES. 


Tae Natore or Licat, with s GENERAL 
Accotunt oF PuysicaL Upnics. By Dr. 
Eccexr Loumer, Professor of Physies 
in the University of Erlangen, With 
188 Illustrations, D, Appleton & Co. 
No. XIX, * International Scientific Se- 
ries.” Pp. 356, 

A Book has long been wanted, making 
clear to the popular mind the most in- 
teresting and important principles of the 
beautiful sctence of optics. The subject 
is usually treated in a meagre way as a 
subdivision in our text-books of physics, 
and, even in the largest of these, the dis- 
cussion of light is usually very incomplete. 
But no subject is more worthy of separate 
treatment, and Dr. Lommel has made a 
volume well worthy of its position in the 
“Tnternational Scientific Series.’ An in- 
teresting portion of one of his chapters, 
that dealing with the curious and wonderful 
phenomena of fluorescence, is given in our 
present number, furnishing a fair illustra- 
tion of the clearness of the author's writing 
and the freshness of his presentation. 

In an elaborate notice of the work, 
which appeared in .Vafure, it is remarked : 
“In the present treatise, Prof. Lommel 
has given an admirable outline of the 
nature of light and the laws of optics. 
Unlike most other writers on this sub- 
ject, the author has, we think wisely, post- 
poned all reference to theories of the 
nature of light, until the laws of reflec. 
tion, refraction, and absorption, have been 
clearly set before the reader. Then, in the 
fifteenth chapter Prof. Lommel discusses 
Fresnel’s famous interference experiment, 

VoL, Vir1.—32 
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; and Teads the reader to see that the undu- 


latory theory is the only conclusion that 
can be satisfactorily arrived at. A clear 
exposition is now given of Huyghens’s the- 
ory, after which follow several chapters on 
the diffraction and polarization of light- 
bearing waves. The reader is thus led on- 
ward much in the same way as the science 
itself has unfolded, and this, we think, is 
the surest and best way of teaching natural 
knowledge.” 


Mino: A Quarterly Review of Psychology 
and Philosophy. No. [, January, 1876, 
Pp. 156. Price $1.00, subscription $4.00 
a year, Republished by D. Appleton 
& Co., New York, 

WE have here the promise of a periodi- 
cal new in its plan, broad and important in 
its scope, and very ably sustained, It rep- 
resents the new departure in psychological 
study, from the point of view taken by 
Bain and the modern school; in fact, the 
project of its establishment is largely due 
to Prof. Bain himself, who will have an ac- 
tive share in its management, although the 
responsible editor is Prof. George Croom 
Robertson, of University College, London. 
The range and quality of this work will be 
best gathered from the following passages 
taken from the prospectus : 


““ MIND wiil be an organ for the publication 
of original researches, and a critical record of 
the progress made in Psychology and Philose- 
phy. 

“ Psychology, while drawing its fundamental 
data from subjective consciousness, will be un- 
derstood in the widest seuse, as covering all 
related lines of objective inquiry. Due promi- 
nence will be given to the physiological investi- 
gation of Nerve-structures. At the same time, 
Language and a)l other natural expressions or 
products of mind, Insanity and all other abnor- 
mal mental phases, the Manners and Customs 
of Races as evincing their menta) nature, mind 
as exhibited in Animals generally—mnch of 
what is meant by Anthropology, and all that is 
meant by Comparative Psycholosy—will come 
within the scope of the Review. 

“The practical application of psychological 
theory to Edneation will receive the attention 
it so urgently claims at the present time. 

“ Beyond Psychology, account will be taken 
of Logic, Asthetics, and Ethics, the theory of 
mental functions being naturally followed by the 
doctrine of their reenlalion. 

“For the rest, MIND will be occupied with 
genera] Philosophy. Even as @ scientific jonr- 
nal, it cannot evade nitimate questions of the 
philosophical order, suggested as these are with 
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peculiar directness by psychological inquiry. 
There is, also, a function trnly philosophical 
which only the investigator of mind is in a posi- 
tion to discharge, the task, namely, of collating 
and sifting the resnits of the special sciences 
with a view alike to insight and conduct. But 
MIND will, further, expressly seek to foster 
thought of botd sweep—sweep that can never be 
too bold, so be that it starts from a well-ascer- 


tained ground of experience, and looks to come | 


again there to rest.” 


The first number well justifies the prom- 
ises here made, and there is every reason to 
believe that the succecding issues will do 
so ina still greater degree. 


Report or tae Forty-rocrta MErEtinG oF 
THE Britis AssociaTION FOR Ti AD- 
VANCEMENT OF Science: held at Belfast, 
in August, 1874. London: John Mur- 
ray, 1875, 

Ose of the most valuable features of the 
yearly volumes of the British Association 
is the publication of extended “ Reports on 
Researches in Science,” which are annually 
made on special subjects by smal] commit- 
tees of eminent men who are theiuselves 
working in those subjects. Thus, in the 
volume before us, there are no less than 
thirty such reports, occupying about 3860 
octavo pages. The Association often aids 
in an investigation by the appropriation of 
a small sum of money, and in return it 
receives a report on the progress of the 
work, besides the gratification of having 
assisted some research that otherwise might 
have been long delayed, 

For instance, since 1848 reports have 
been given upon the observations of Lumi- 
nous Meteors, which contain nearly all the 
known faets relating to neteorites, arranged 
in an orderly form, and in some degree 
sifted, This report for 1873-74 contains 90 
pages, 

Reports on Earthquake Phenomena, on 
Tides, on the Waves of the Atmosphere, on 
Magnetic and Meteorological Observations, 


and many other similar subjects, are to be | 


found in the pages of the past volumes, and 
often the facts of such reports are collected 
nowhere else. From the present volume we 
extract almost at random the titles of a few 
of these reports, which may serve to show 
the nature of the subjects which are yearly 
brought to the attention of the meetings: 
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ent State of Systematic Botany ” (27 pages) ; 
“On the Rainfall of the British Isles for 
1873-74" (43 pages); “On the Treatment 
and Utilization of Sewage” (14 pages); 
“On Cyclone and Rainfall Periodicities in 
Connection with Sun-spots” (23 pages) ; 
“On the Erratic Blocks of England and 
Wales” (8 pages); “On Instruments for 
measuring the Speed of Ships” (9 pages), 
ete, 
ports counted among their members the 
most eminent men of England—Lyell, Lub- 
bock, Boyd-Dawkins, Bentham, W, K. Clit- 
ford, Balfour Stewart, Clerk-Maxwell, Hux- 
ley, Galton, Sir William Thomson, Huggins, 
Lockyer, De la Rue, and many others 
searcely less known. With such subjects 
reported on by so eminent specialists, it is 
casy to see how these reports have come to 
have so high a value. 

The Belfast meeting was attended by 
neatly 2,000 members, and over £2,000 was 
received from fees, ete. ; £1,080 was appro- 
priated for scientific purposes; £400 for 
various works of the section of mathemat- 
tes and physics (printing mathematical ta- 
bles, rainfall and meteor reports, thermo- 
electricity, ete.); £155 for researches in 
chemistry ; £280 for various geological ex- 
plorations ; £170 for biology ; £100 for the 
Palestine Exploration Fund; £25 for sta- 
tistics (economic effect of combinations of 
laborers or capitalists) ; and £50 for instru. 
ments for nmieasnring the speed of ships. 
This abstract will give some idea of the 
practical benefit to science which the Asso- 
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ciation gives, and it is also instructive as 
showing for what purposes its money is 
spent. 

The last 232 pages of the volume are de- 
voted to an abstract of the proceedings of 
the sections. We find that the section of 
mathematies and physics ocenpies 44 pages, 
the chemical section has 22 pages, geologi- 
cal 29 pages, biological 64 pages, geographi- 
pul 24 pages, statistical 27 pages, and final- 
ly that the mechanical section occupies 20 
pages. Ina rough way this shows the 
amount of attention paid to the various 
branehes at the 1874 mecting, and it is ac- 
curate enough to indicate the great amount 
of work now doing in biology in Kngland, 
which is a noteworthy feature of this and 
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Srrexctn or Beams unner Transyerse 
Loans. By W. Atnay. Pp. 114. Also 
SEWERAGE anp Sewage Umnrization, 
By W. ©. Corriznp, M.A. New York: 
Van Nostrand. Vp. 128. Price, 60 
cents each. 

Iv the first of these two little volumes 
the practical builder will find a discussion 
of the most important and common cases 
of horizontal beams uuder vertical loads. 
The problems are worked out without hav- 
ing reeourse to the higher mathematics, 
The second volume contains, in abridged 
form, a series of lectures delivered by Prof. 
Corfield before the School of Military Engi- 
necting at Chatham, England. The ques- 
tion of sewerage and sewage utilization is 
one of the urgent problems of modern life, 
and it yet awaits satisfactory solution. 
Meanwhile, Mr. Van Nostrand does the 


public a service by placing within the reach | 


of all the views of so eminent an engineer 
as Prof. Corfield upon these subjects. 


Notes or THE Manuractcre oF Porrery 
AMONG SavaGe Races, By Cx. Frev. 
Hartt, A.M. Vp. 70. Rio de Janeirv: 
South American Mail print. 

Pror. [arrr here, in the first place, 
briefly considers the question of the origin 
of the ceramic art. When, where, how did 
it originate? No positive answer can be 
given to these questions, Like other hu- 
man arts, it is the result of a Jong evolu- 
tion, and its simple beginnings we may 
never be able to find out. So much, how- 
ever, is certain, namely, that the finest 
porcelain wares are the true lineal descend- 
ants from the pottery of the savage. The 
author next considers the materials em- 
ployed and the methods followed in the 
building of a vessel. Before the advent of 
Europeans, pottery in America was made 
hy hand, the potter's wheel being unknown, 
Ile finds the method of fashioning vessels 
out of coils of clay widely practised in 
South America. The manufacture is every- 
where exclusively in the hands of the women, 


Tne Dirrerexce or TnerwaL ENerGy 
TRANSMITTED TO THE Eanria sy Rapra- 
TION FROM Dirrerenr larrs or THE So- 
iar Sorrace. Pp. 10. 

Tus is a veprint of a communication in 

Nature by Mr. John Ericsson, in which he 

points out defects in Father Seechi’s method 


; keeping them in hospitals. 
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of measuring the intensity of the sun's radi- 
ant heat. Seechi’s method is that ot pro- 
jecting the sun's image on a screen, and 
then measuring the temperature at different 
poiuts by means of thermopiles. 
adopts the method of direet observation, 
and employs a speeial apparatus devised by 
Mr. Ericsson estimates the ab- 
sorption by the solar atmosphere at not 


Ericsson 


himself 


j over 0.144 of the radiant leat emanating 


from the photosphere. The intensity of 
radiation from the border of the sun he 
estimates at 0.638 of the intensity of radia- 
tion from an equal area of the central region. 


Curck - List or Noctuing oF AMERICA, 
norntn or Mexico. By A. It. Grote, 
A.M. Pp, 28, with Plate. Price, $1. 
Buffalo, N. Y.: Reineeke & Zesch, 

Or the twelve hundred North American 
species of Noctua, less than thirty, we are 
informed by Mr. Grote, are considered iden- 
tical with European forms. The facts seem 
to point to a eommon origin of many of the 
forms, and it is the authot’s opinion that 
the European and North American Noetuce 
are in part descended from species living 
over a common territory, and that the Gla- 
cial epoch separated the stocks. The list 
of species here given includes a complete 
synonyiny of the Woctuide of America north 
of Mexico, so far as known. It is invalu- 
able to the student of entomology. 


ims RELATIONS To Iy- 
Pp. 


Stave MEDICINE IN 
sanity. By Dr. Natnan ALLEN, 
3h. 

Dr. ALLEN considers the subject of in- 
sanity in the six New England States. He 
finds that in Massachusetts, from 1850 to 
1870, the inerease of insanity was 12 per 
cent. greater than the inerease of popula- 
tion, and the same is to be said of the other 
New England States. Me favors consign- 
ing the chronie insane to hoies, instead of 
What they 
need is, not medieal treatment, but suitable 
exereise, sunlight, air, proper nourishment, 
ete, Ie also advocates the adoption by 
the State of measures for the prevention of 
The dissemination of more cor- 
rect views of the true way of living and a 
more rigid observanee of the lnws of health 
and Nature would, no doubt, greatly dimin- 
ish the frequency of mental disease, 


insanity. 
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Tue New Metnop or GrapmicaL Sratics, 


By &. J. Du Bors, C. E., Pla. D. 60 II 
lustrations, Pp. 80. Price, $2. New 


York ; Van Nostrand, 

Tris book is made up of a series of ar- 
ticles which appeared originally in Van 
Nostrand’s Engineering Maguzine, The au- 
thor’s object is to win more general atten- 
tion to a new method for a graphieal solu- 
tion of statical problems, whieh, during the 
last ten years, has been gradually developed 
and perfeeted, and which offers to the ar- 
chitect, civil engineer, and constructor, a 
simple, swift, and accurate means for the 
solution of a great number of practical 
questions. 


Report vpON THE ConpDITION OF AFFAIRS 
in ALaska. By UH, W. Erniott, Wash- 
ington: Government Printing-Office. Pp. 
20s 
In 1874 Mr. Elliott was direeted by the 

Treasury Department to visit Alaska, for 

the purpose of studying and reporting upon 

the present condition of the seal-fisheries ; 
the haunts and habits of the seal; the 
preservation and extension of the fisheries ; 
the statistics of the fur-trade; and the con- 
dition of the natives, The results are con- 
tained in the volume before us. The work 
is full of valuable information. It is divided 
into nine chapters, treating of the “ Charae- 
ter of the Country;” ‘Condition of the 

Natives ;” ‘Duty of the United States 

Government; ‘Trade and Traders ;” 

“The Sea-Otter;” “The Seal-Islands ;” 

“Wabits of the Fur-Seal;” ‘“ The Sea- 

Lion ;”) “Fish and Fisheries ;”’ and the 

© Ornithology of the Prybilov Islands.” 


Our Wastep Resources. By Wiitiam 
I[ancreaves, M.D. New York: Na- 
tional Temperance Society. Pp. 201. 
Price, $1.25. 

Dr. ITARGREAVES quotes statistics to 
show that, in 1878, the income of the 
people of the United States exceeded 
$7,000,000,000. He thinks that, to the 
use of intoxieating drinks, nearly all of the 
crime and pauperism of the country is to 
be attributed. Ile compares the cost of 
intoxicating liquors with the total reeeipts 
of sundry industries ; sums up the losses of 
the couutry from the trade in liquors; tries 
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liquor-trade destroy the influence of edueca- 
tion, Finally, he lays down the proposi- 
tion that “the use of and the traffie in 
strong drinks impede the progress of the 
Christian Church, and the spread of the 
gospel.” 


Notes or Traven in Arrica. By C. J. 
Anperssox. New York: Putnam's Sons, 
Pp. 318. Price, $2.00. 

Tuere appears to exist in the publie 
mind a genuine iuterest in the exploration 
of Africa, and the number of books of 
Afriean travel published within the last 
ten years is enoimous. The writings of 
C, J. Andersson lave in no small meas- 
ure contributed to the awakening of this 
curiosity, and doubtless the present work, 
made up from the memoranda of that dis- 
tinguished traveler, will be read with the 
same eagerness as his curlier publications. 


DissERTATIONS 
Stuart MIL. 
Pp, 294. Priee, 
Tus is the fifth volume of the ‘ Disser- 

tations and Discussions,” and it completes 

theseries, It contains five papers on ‘Land 

Tenure ;” also essays on ‘‘ Endowments ;” 

on ‘Labor;” on “Treaty Obligations ;” 

ou Maine's “ Village Communities ;” Taine’s 

“ Tntelligenee ;” Grote’s ‘“ Aristotle ;” 

Baer’s “ L’Avere e PImposta;” and Les- 

He’s “ Land Question.” 


And Discusstons. By J. 
New York: Holt & Co. 


$2.50. 


A PracticaL TREATISE ON SoLtBLE GLass, 
sy Dr. Lewis Feueutwancer. Pp. 164. 

New York: L. Feuchtwanger & Co, 

Tue author points out the manifold uses 
of soluble glass, for instance, as a means 
of preserving timber and making it non- 
inflammable ; as an ingredient in the eem- 
position of artificial stone 5 for mixing with 
paints Lo be applied to the surface of met- 
als, glass, and poreelain; in soap-making ; 


in ealico-printing, ete. 


Report OF THE COMMISSIONER OF Eptca- 

TION FoR 1874. Pp. 955. 

CoxtTatxs, In addition to the observa- 
tions and suggestions of the commissioner, 
a great mass of statisties relating to the 
state of education throughout the country 


to show that the use of liquors and the | in the year 1874. 
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Dr. Drarer’s “ Conriior.”—There have 
been published of Dr. Draper’s book, “ The 
Conflict,” eight editions in America, and five 
in London, Jt has been translated into 
French, and is in its third edition in Paris. 
The German translation made by Dr. Rosen- 
thal has had a similar success. A Polish 
translation has been made in the University 
of Warsaw; a Servian one by Prof. Meta 
Rakitch, in Belgrade. The Spanish trans- 
lation is by Sefior Arcemis, the astronomer 
of Cadiz. The Russian is under examina- 
tion by the censorship. 


PUBLICATIONS RECEIVED. 


Esploration of the Colorado River of the 
West. By Major J. W. Powell. Washing- 
ton; Government Printing-Office. Pp. 291, 
with Maps. 

Science By-ways. By R. A. Proctor. 
Philadelphia: Lippincott. Pp, 422. Price, 
$4.00. 

Selection and Use of the Mieroseope. 
By J. Phin. New York: Industrial Publi- 
cation Co, Pp. 131. Price, 75 cents. 

Report on the Wisconsin Institution for 
the Blind, 1875. Madison, Wis. : E. B. Bo- 
Tens. Pp, 20. 

Bulletin of the United States National 
Museum, No. 2. Washington: Government 
Printing-Office, Pp. 50. 

American Journal of Microseopy. Month- 
ly. New York: Industrial Publication Co. 
50 cents per year. 

Forms of Life found in the Oral Cavity. 
By C. N. Peirce, D.D.S. Lancaster, Pa. 

Pennsylvania Journal of Dental Science. 
Pp. 23. 


Bridge and Tunnel Centres. By J. B. 
McMaster. New York: Van Nostrand. 
Pp. 106. Price, 50 cents. 


Scientifie Monthly. E. H. Fitch, Editor 
and Publisuer, Toledo, 0.: Pp. 96. Price, 
$3.00 per annum. 


Geological Notes. 
Pp. 13. 

Cirenlars of the Bureau of Education, 
Washington: Government Printing-Office. 
Pp. 130, 


By W. B. Rogers, 


gol 


Viek's Floral Guide for 1876. Roches- 
| ter, New York: Vick & Co. Quarterly, 25 
cents per year, 

Geological Survey of Mimesota, 1874. 
By N. II. Winehell, St. Paul: Pioneer Press 
Pp. 86, with Maps. 


print, 
Transactions of the American Society 
of Civil Engineers, 1875. Pp. 49. 


By R. I. Buell. 
Pp. 100, 


New 
Price, 


Safety- Valves. 
York: Van Nostrand. 
50 cents. 


Mammoth Cave of Kentucky. By W.5. 
Forwood, M.D. Philadelphia: Lippincott. 
Pp. 241, with Mustrations. 

Three Months in Old Hospitals of Paris, 
By R. Ludlam, M.D. Philadelphia: Sher- 
man & Co. Pp. 16, 


Report of the United States Treasurer, 
1875. Washington: Government Printing. 
Office. Pp. 67. 

Post-Nasal Catarrh, By B. Robinson, 
M.D. New York: Trow & Son, Pp. 29. 

Does Matter do it all? By Epes Sar- 
gent. Boston: Colby & Rich. Pp. 16. 


Zappus Hudsonius, and Lagopus Lencu- 
rus. By E. Coues, Washington: Govern- 
ment Printing-Office. Pp. 10. 

Necessity of a Mechanical Laboratory. 
By R. H. Thurston. Vhiladelphia: W. P. 
Kildare, Printer. Pp. 10. 
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Relations of Chemistry to Pharmacy and 
Therapeuties—We present herewith the 
main points of an instructive address de- 
livered by Dr. T. Sterry Hunt before the 
Massachusetts College of Pharmacy, on 
“The Relations of Chemistry to Pharmacy 
and Therapeutics.” 

With the eighteenth century is connect- 
ed the birth of modern chemistry; and, 
while Priestley and Lavoisier are honored 
as haviug given a new impulsion to chemi- 
eal theory, the Swedish apothecary Scheele 
will always be remembered as one who prob- 
ably enriched the science with more dis- 
coveries than cither of them, The three 
brightest names on the roll of great chem- 
; ists in our century have been gathered from 
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the ranks of the pharmaceutical profession, 
viz., Davy, Liebig, and Dumas. But the debt 
owed by chemistry to pharmacy has been 
amply repaid: the labors of the chemist 
have transformed the pharmaceutieal art, 


replacing empiricism by scienee, enriching | 


the materia medica with a vast number of 
new substanees, and introducing new pro- 
cesses. Sneh old-fashioned drugs as coral, 
egg-shells, and the like, were shown by the 
chemist to possess no other value than be- 
longs to the calearcous salts of which they 
are chiefly composed. Iodine was shown to 
be the active principle in the drug, calcined 
sponge; and henceforth iodine takes the 
place of the erude and bulky residue froin 
the burning of sponge. In like manner 
quinine and morphine replaced cincbona- 
bark and opium. 

In cases where the medicinal virtues are 
not apparently lodged ina single principle 
capable of being isolated, pharmacy has re- 
course to other processes, and obtains by 
expression, percolation, and evaporation, or 
distillation, often in vucvo, concentrated ex- 
tracts which enable us to dispense with the 
erude drugs. Thus, for a rough example, 
by means of the sulphide of carbon the 
subtile perfumes of the violet and jasmine 
have been isolated. The artificial forma- 
tion of urea aud valerianie and benzoic 
acids opened up a new field for chemistry 
and pharmacy. Dy a careful dissection, as 
it were, of certain organie principles, 
lave Jearned to reconstruct them; and the 
triumphs of this method are seen in the ar- 
tifieia] production of indigo, orcine and ali- 
zarine, and the odorant prineiple of vanilla. 
What wonder, then, that the chemist should 
now aspire to produce, artificially, the active 
prineiples of the poppy and cinehona, and 
render cheaper those precious drugs, mor- 
phine and quinine? These problems are 
destined to be solved at no distant day, 

The history of anesthetics is next traced 
by the author from the discovery of the 
physiological action of nitrous oxide by 
Davy io that of chloral by Liebreich. 
From this he passes to the subjeet of the 
chemical changes undergone by drugs in 
the animal economy, and the relations of 
these changes to physiological action. The 
mineral salts cf many of the metals, such 
as sulphates and chlorides, act, to a great 


we 
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extent, like foreign substances when taken 
into the stomach, forming insoluble com- 
pounds with albuminous matters ; but, when 
combined with certain organie acids, these 
metals are iu a condition favorable to ab- 
sorption. Thus, it is that the citrates, tar- 
trates, and lactates of bismuth, antimony, 
iron, ete., are now advantageously employed 
in medieal practice. 

It having oecurred to a chemist that 
salicylic acid might be antiseptie like care 
bolic acid, he made experiments which re- 
sulted in showing that in this almost taste- 
less body we possess an antiseptic agent of 
great power, 

The inimense advance made in the phar- 
maccutical art and rhe constant contribu- 
tions brought to it by chemistry demand 
each year a higher edueation for the pro- 
fession of pharmacy, and the day cannot 
be far distant when the need of a regular 
training and a thorough scientifie education 
will be held to be as indispensable for the 
pharmacist as for the physician and the 
surgeon, 


Haeckel on Scientifie Fnstitntions.—In 
his latest book (“Ziele und Wege der 
hentigen Entwickclungsgesehichte”) Prof. 
Vaeckel, the great apostle of Evolution in 
Germany, announees the discovery of the 
following law: “In all the magnificent sci- 
entific institntes founded in Amenea by 
Agassiz, the following empirical law, Jorg 
recognized in Europe, has been confirmed, 
viz.: that the scientific work of these insti- 
tutes and the intrinsic value of their pub- 
lications stand in an inverse ratio to the 
magnitude of the buildings and the splendid 
appearance of their volumes... . I need 
only refer,” he adds, “to the small and mis- 
erable institutes and the meagre resources 
with which Bacr in Kénigsberg, Sebleiden 
in Jena, Johannes Miiller in Berlin, Licbig 
in Giessen, Virchow in Witirzburg, Gegen- 
baur in Jena, have not only each advanced 
his special science most extensively, but 
have actually ereated new spheres for them, 
Compare with these the colossal expendi- 
ture and the luxurious apparatus in the 
grand institutes of Cambridge, Leipsic, and 
other so-called great universities, What 
have they produced in proportion to their 
means ?"—Pall Mall Gazette. 
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Maturity of Timber-Trees.—A paper in 
the “ Transactions of the Scottish Arbori- 
cultural Society” contains the following in- 
formation with regard to the time required 
for various kinds of timber-trees to reach 
maturity: “Tie oak can never be cut down 
so profitably when small as when well ma- 
tured, and having plenty of heart-wood, 
The timber 15 scldom of much value until 
it has reached the age of 100 years. Ash 
can be cut down more profitably in its 
young state than other hard-wood trees. 
When clean grown, and from thirty to 
forty years of age, it is in great demand 
for handle-wood and for agricultural imple- 
ments, Beech is of very little value in its 
young state, and is seldom cut till well 
grown, Birch can be ent down profitably 
at about forty years old. Horse-chestnut, 
when grown on good soil, and in a shel- 
tered position, can be profitably eut down 
when it attains large dimensions. 
(Scotch and English) should never be ent 
until they are from eighty to one hundred 
years old. Poplars can generally be profit. 
ably sold wheu about fifty years old. Syea- 
more, growing in good soil, may be profit- 
ably cut down when about one hundred 
years old.” 


Source of the Nitrogen used by Plauts.— 
The average life of an apple-tree in Nor- 
mandy is estimated by M. Isidore Pierre at 
fifty years, and its nitrogen product (in 
leaves, fruit, wood, and roots) at 26 kilo- 
grammes (about 60 pounds). This amount 
of nitrogen corresponds to 5,200  kilo- 
grammes of farm manure, or 100 kilo- 
grammes per year, But the tree is far 
from receiving any such amount; aeccord- 
ing to the author, the most liberal culti- 
vator does not supply more nitrogen than 
is found in the seeds. The question then 
arises, Whence comes the remainder of this 
nitrogen? M. Thenard, in a communication 
to the Paris Academy of Sciences, denies 
that it comes directly from the soil, or from 
the manure, and holds that it is derived 
from the air through the soil. In confirma- 
tion of this, he cites the grape-vines of Clos- 
Vougeot, the youngest of which were plant- 
ed in 1284, and which annually reecive only 
one kilogramme of manure. The amount 
of nitrogen contained in this quantity of 
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manure is inconsiderable, as compared with 
what is contained in the grapes, the leaves, 
and the wood. 


Cranial Measurements.—Two noteworthy 
results of the comparative measurements of 
the crania belonging to historic and pre- 
historic times were dwelt upon by Prof. 
Rolleston, in his presidential addre<s to the 
Seetion of Anthropology, at the last mect- 
ing of the British Association. It might 
be assumed that skulls from the earliest 
sepulchres would present the smallest ea- 
pacity, and that the size of the brain-case 
has sinee inereased with the intellectual de- 
velopment of our race. But this assump- 
tion is curiously contradicted by the facts. 
Indeed, the cubic contents of many skulls 
from the oldest known interments consid- 
erably exceed the capacity of modern Euro- 
pean skulls of average build, Surprise at 
sueh a result may, however, be tempered 
by the reflection that the skulls which we 
have obtained from the eavliest tumuli are 
probably those of the chiefs of their tribes, 
who may have been seleeted by virtue of 
their great energy. Nor should it be for- 
gotten that in savage communities the chiefs 
come in for a larger share of food, and are, 
consequently, men of well-developed frames, 
and of more portly presence than their fel- 
lows. As to the poorer specimens of bu- 
manity in those days we probably know 
nothing, as they were denied burial in the 
tumuli, and have left their remains we 
know not where, Another curious fact is, 
that the female skulls from the earliest 
sepulwures do not differ in eapacity from 
the contemporary male skulls to the same 
degree as the crania of the two sexes differ 
at the present day. But it must be borne 
in mind that in those early times there was 
a greater struggle for existence, and that 
the division of labor was not earried out to 
a large extent, so that the tendency to a 
differentiation of the crania was less marked 
thau in modern times. 


Av Indian Mil.—On the farm of Mr. 
Hollis Smith, near Marengo, Calhoun Coun- 
ty, Michigan, there exists an interesting 
monument of aboriginal life, known in the 
locality as “The Indian Mill” As described 
in a letter to us by Mr. W. H. Payne, of 
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Adrian, it consists of a great block of free- 
Stone, about fifteen feet in length and five 
feet in width. Near one edge of this block 
there is a hole fifteen inches deep, having a 
diameter at the top of twenty inches, re- 
sembling a large mortar. ‘“ At the time of 
uy visit,” writes Mr. Payne, “ this ‘mill’ 
was filled with water from recent rains. 
This was measured as it was dipped out, 
and amounted to fourteen gallons. Early 
settlers report that this spot was frequent- 
ed by Indians, who brought thither their 
corn to be ground or pounded in this stone 
wnortar, In the vicinity are seen many 
broad, smooth-faced stones, whose surfaces 
seem to have been highly heated. It is not 
improbable that these were used by Indians 
whercon to bake their eakes of corn. The 
grain was pounded as follows: A spring- 
pole was attached to one of the trees which 
stood near, and from the free end of this 
was suspended over the mortar, by means 
of twisted bark, a stone of convenient form 
and size, 
He beside the ‘mill,’ and it is probable that 
they once served the purpose above indi- 
cated.” 


Stones snitable for this purpose 


Excomumuieated Insects. —A propos of 
the efforts in progress to destroy the phyl- 
loxera and other insect scourges in France, 
a writer in La Nature gives a curious bit 
of information relative to the way in which 
such pests used to be proceeded against 
when seience, save so far as it could be 
made to agree with Romish dogmas, had 
no existence for the world. In 1120, the 
Bishop of Laon formally excommunicated 
all the caterpillars and field-mice. In 1488, 
the grand-vicars of Autun commanded the 
parish priests of the vicinity to enjoin the 
weevils to cease their ravages, and to ex- 
communicate them. Jn 1535, the grand- 
vicar of Valence eited the caterpillars to 
appear before him for trial. He kindly 
assigned them counsel for their defense, 
and, as they did not appear, proceeded 
against and senteneed them, iz contewna- 
ciam, to clear out of his dioeese—a com- 
mand which they probably obeyed ! 

During the seventeenth century, thirty- 
seven similar judgments, against both in- 
sects and quadrupeds, were issued. One 
is on record, during the eighteenth cen- 
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tury, fulminated against a cow; and there 
is still another, of later date, due to a judge 
of Falaise, who condemned and hanged a 
sow for killing a child.—Christiun dutedli- 
gencer, 


Putting out Fires at Sea.—Liquid ecar- 
bonie acid is proposed by Lieutenant F. M. 
Barber, U. 8. Navy, as an agent for extin- 
guishing fires on board ship. Tis plan, as 
communicated to the American Chemist, is 
to bave, in some suitable place in the ship, 
a flask or flasks about three feet in length, 
and one foot in diameter, containing about 
100 pounds of the gas in the liquid state. 
From the top of the flask, a small iron pipe 
is to be permanently fitted along the water- 
ways throughout the entire length of the 
ship. From this main pipe braneh pipes 
pass to every storeroom and compartment, 
each branch to be controlled separately by 
means of a cock. On the alarm of fire, the 
hatches are to be battencd down, the cock 
in the branch pipe leading to the compart- 
ment where the fire is discovered is to be 
opened, and also the coek in the main next 
the gas-flask, The lignid gas passes out 
through the pipe in the form of vapor as 
soon as the pressure is removed, aud is 
driven to the apartment where the fire is. 
This compartment it fills from the bottom 
up, without being diluted with the air. 
Given the cubic contents of any compart- 
ment, and the cubic space occupied by the 
eargo in it, sufficient gas can be admitted 
so as to render it absolutely certain that no 
fire can exist there. By then shutting the 
cock in the main pipe, the remainder of the 
gas is kept from vaporizing until such time 
as it may be required. This method of 
extinguishing fires is absolutely effectual ; 
furthermore, it is simple, and involves no 
great expense, The only difficulties which 
seem to stand in the way of its practical 
application, are—1. The want of an appa- 
ratus for the expeditious and economical 
production of the liquid gas; and, 2. The 
want of suitable vessels to hold it at all 
temperatures. These difficulties, however, 
have been removed, and henee there exists 
no reason why all ships should not be pro- 
vided with this effectual means of prevent- 
ing disaster by fire. 

In England, an apparatus for extin- 
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guishing fires on shipboard was recently 
patented. This apparatus 
tor,” as it is ealled, consists of a small 
double pump worked by hand, which sucks 
up through a tube on each side of it strong 
mauriatic acid, and a solution of bicarbonate 


of soda; these comumingle in a generator 
forming part of the pump, and the carbonic- 
acid gas and bicarbonate solution pass at 
once down a inetal pipe to the hold, along 


the © pyrole- 


whose keelson runs a perforated wooden | 


box which admits of the gas passing through 
to the burning material. The agent, there- 


fore, for the extinetion of fire, is dry car- | 


bonic-acid gas, which has no action on the 
eargo. The Chemical News describes as 
follows an exhibition lately given of the 
working of the “ pyroletor:” ‘ The entire 
hold of a large wooden barge was covered 
to a depth of several feet with wood-shavy- 
ings and cotton-waste saturated with tur- 
pentine and naphtha. A temporarily-raised 
and by no means air-tight wooden deck, 
with loosely-fitting boards, formed the wide 
hatchway-covering. The combustible ma- 
terial having been set on fire, the flames 
immediately ran along the entire cargo and 
issued above the temporary deck, which was 
then covered with boarding. The ‘ pyrole- 


tor’ having been brought into action, the | 


fire was completely extinguished in four 
minntes, though nearly half a gale was 
blowing.” It is computed that a 1,200 ton 
ship requires half a ton of each of the 
chemicals, costing about 3100. 


Physical Characters of the Brifish.— | 


Dr. Beddoe, at the recent mecting of the 
British Association, advocated the neces- 
sity, from a practical point of view, not 
from that of mere scientific curiosity, of 
obtaining more extensive and accurate in- 
formation as to the physical characters of 
man in Britain than could be obtained by 
private investigations. 
quire thoroughly and systematically into 
the rates of growth, average stature, weight, 
ete., of men and women under normal or 
abnormal conditions, so as to have a fair 
starting-point for further investigation and 
action. Lord Aberdare said that some 
time since it was ascertained that the Irish- 
man was superior to the Scotchman in vigor, 
and that the Englishman was lowest of the 


Ife desired to in- 
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three. This he attributed to the fact that 
in Ireland and Scotland children were fed 
on food appropriate to them. He moved 
that a committee be appointed to collect 
observations on the subject of the heights 
and weight of human beings in Great Brit- 
ain and Ireland, and that a grant of money 
be made to defray the expenses of such an 
inquiry. This resolution was adopted. 


Native Nome of the Rocky Monntain Le- 
ctst.—In view of the great interest and 
alarm excited by the ravages of the grass- 
hoppers in the West last year, Prof. C. V. 
Riley, State Entomologist of Missouri, gives, 
in the last seventy-five pages of his Seventh 
Annual Report, a very full and interesting 
account of the natural history of this in- 
sect, including the plants it feeds on, the 
parasites that feed on it, and a history of 
its noted incursions, with the means that 


'may profitably be employed to arrest its 


depredations. From the section on its “na- 
tive home” we quote sume interesting re- 
marks concerning the spread of the insect. 
Having in July, 1874, given the opinion 
that the swarms of that year would reach 
the western counties of Missonri too late to 
do serious damage, and that they would not 
extend eastward beyond a line drawn, at a 
rough estimate, along Jongitude 17° west 


_ from Washington—an opinion, by-the-way, 


that was remarkably confirmed by subse- 
quent events—the professor here proceeds 
to give his reasons for that conclusion: 


‘But it will be asked, ‘Upon what do you 
base this conclusion, aud what secnrity have we 
that at some future time the couutry east of the 
line you bave fudicated may not be ravaged by 
these plagues from the mountains?’ I answer 
that, during the whote history of the species, as 
Lhave attempted to trace it iu the chronological 
accouut already viven, the insect never has done 
any damage east of the line iudicated, and there 
is po reasou to suppose that it ever will do so 
for the future, ... 

“< But why,’ it will again be asked, ‘ will not 
the young from the eggs laid along the eastern 
limit you bave indicated hatch and spread far- 
ther1o the eastward?’ ere, again, historical 
record serves us, and there are, in addition, cer- 
tain physical facts which help to auswer the 
question. 

“There is some difference of opinion as to 
the precise natural habitat and breeding-place 
of these insects, but the facts all indicate that 
it is by nature a denizen of great altitudes, hreed- 
ing in the valleys, parks, aud plateaus of the 
Rocky Monntain region of Colorado, and espe- 
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cially of Montana, Wyomiug, aud British Amer- 
ica. Prot. Cyrus Thomas, whv bas had an ex- 
cellent opportunity of studying it—through his 
connection with Hayden’s geological survey of 
the Territories—reports it ag occurring from 
Texas to British America, and from the Missis- 
sippi (more correctly speaking, the line I have 
indicated) westward to the Sierra Nevada range. 
But in all this vast extent of conntry, and es- 
pecially in the more southeru latitudes, there is 
every reason to believe that it breeds only on 
the higher mountain elevations, where the at- 
mosphere is very dry and attenuated, and the 
soil seldom, if ever, gets soaked with moist- 
ure. ... 

“My own belief is, that theinsect is at home 
in the greater altitudes of Utah, Idaho, Colorado, 
Wyoming, Montana, Northwest Dakota, and 
British America. It breeds in all this region, 
but particularly on the vast hot and dry plains 
and plateaus of the last-named Territories, and 
on the plains west of the mountains; its range 
being bonnded, perbaps, en the east by that of 
the buffalo-crass. 

“Inall this immense stretch of country, as 
is well known, there are vast tracts ot bar- 
ren, almost desert land, while other tracts, for 
hundreds of miles, bear only a scanty vegeta- 
tion, the short butlalo-erass of the more fertile 
prairies giviug way, now toa lore Inxurious 
yevetation along the water-courses, now to the 
sage-bush and a few cacti. Another physical 
peculiarity is found in the fact that while the 
spring on thcve immense plains often opens 
as early, even away up ivto British America, 
as it does with us in the latitude of St. Lonis, 
yet the vegetation is often dried and actually 
vurned out before the first of July, so that 
not a green thing is to be found. Our Rocky 
Mountain locust, therefore, hatching out in un- 
told myriads in the hot sandy plains, five or six 
thousand fect above the sea-level, will often per- 
ish in immense numbers if the secant vegetation 
of its native home dries up before it acquires 
wings ; but ifthe season is propitious, and the 
insect becomes fledged betore its food-supply Is 
exhausted, the newly-acquired wings prove its 
salvation. . . . Prompted by that most exi- 
gent law of bunger—spurred on for very life—it 
rises in immense clouds in the air to seek for 
fresh pastures where it may stay its ravenous 
appetite. Borne along by the prevailing winds 
that sweep over these immense treeless plains 
from the northwest, often at the rate of fifty or 
sixty miles an honr, the darkening locust-clouds 
are soon carried into the more moist and fertile 
country to the sontheast, where, with sharpened 
appetites, they fall upou the crops Hike a playne 
anda blight... . The hotter and drier the sea- 
son, and the greater the extent of the drought, 
the earlier will they be prompted to migrate, 
and the farther will they push on to the east 
and south, 

“The comparatively sudden change from the 
attenuated and dry atmosphere of five to cight 
thousand feet or more above the sea-level to 
the more humid and dense atmosphere of one 
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thonsand feet above that level, does not agree 
with them. The first generation hatehed in this 
low country is uvhealtny, and the few that at- 
tain maturity do not breed, but become iutestate 
and ‘goto the dogs.’ At least, snchis the case 
in ourown State, and in the whole of the Missis- 
sippi Valley proper. ...” 


Temperature and Vegetation in Different 
Latitudes.x—A communication on this sub- 
ject was made by M. Alphonse de Candolle 
to the Academy of Sciences of Paris, and re- 
ported in the Comptes Rendus for June 7th. 
The object of the inquiry was to test the 
aceuracy of the very eommon observation 
that vegetation comes forward much more 
rapidly in spring in northern latitudes than 
in the warmer regions of the temperate 
zone, Experimenting with seeds of several 
species of plants sent to him from Northern 
and Southern Europe, he found that those 
from the north were most precocious. 
Twigs, obtained in the winter, of the white 
poplar, tulip-tree, eatalpa, and the Carpinus 
betulus, from Montpellier, were there tried 
with twigs from the same species at Geneva. 
They were laid aside, so that their tempera- 
ture might become alike, and were then 
placed in water, a little sand being put in 
the bottom of the jar. 

The German, or more northern branches, 
leafed out first; the difference of time be- 
tween the leafing of the respeetive pairs 
being from eighteen to twenty-three days. 

It is an interesting question, ‘‘ Why do 
northern plants develop more rapidly than 
southern ones?” Prof, de Candolle com- 
ments on it in this wise: ‘The buds of a 
tree are in a continual struggle. The later, 
like badly-plaeced ones, develop imperfeet 
branches which are oftener stifled. The 
most precoeious prevail, unless indeed they 
suffer from frost. In this way comes a 
seleetion, and a successive adaptation of 
the tree to the elimate.” 

Buds, by this ineans, aequire peculiari- 
ties which are persistent. If there be 
promptuess and quickness of growth, these 
qualities are continually reproduced. An 
instanee of the persisteney of acquired pe- 
euliarities is given in a horse-chestnut tree 
near Geneva, whieh, on a single braneh, 
produced double flowers about the year 
1822, and has continued to do so; and all 
the doubled-flowered horse-ehestnuts in the 
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world are thought to be derived from that 
stock. 

De Candolle, however, speaks of the | 
more profound hibernal repose of northern 
plants producing in the buds greater sus- 
eeptibility toe the heat of spring. But, 
Prof. Gray, commenting on this in the 
American Journal of Science for Septem- 
ber, suggestively remarks that “the way in 
whieh this increased susceptibility arises 
is not stated,” and adds, “that natural se- 
lection would operate upon trees ag upon 
eeveal grains, inducing precocious races 
better adapted to the short summers, only 
more time would be required in case of the 
tree.” 


Influence of Water on Climate.—At the 
ate meeting of the British Association, 
Prof. Hennessy read a paper on the “ In- 
flence of the Physical Properties of Water 
on Climate.” The object of the paper was 
to eontradict the opinion formerly expressed 
by Sir J. Ilersehel, that “ water does not dis- 
tribute heat in any thing like the same de- 
gree as land.” <Aceording to Prof. ITen- 
nessy, of all substances largely existing in 
Nature, water is the most favorable to the 
absorption and distribution of solar heat. 
A sandy soil, such as that of the Sahara, 
although capable of exhibiting a very high 
temperature during the day, becomes cool 
during the night, and is one of the worst 
media for storing up the heat derived from 
sunshine, Water, on the eontrary, stores 
up beat better than almost any other body. 
An objeetion was offered by Prof. Everett, 
based on the generally-aecepted fact that 
the temperature of the Southern Hemi- 
sphere is lower than that of the northern, 
despite the greater predominance of water 
in the former. This Prof. Hennessy de- 
nied to be a fact. 


Carlons Behavior of a Snake.—For the 
following aeeount of an interesting exhibi- 
tion of serpent-cunning, we are indebted to 
Mr, E. Lewis, of Brooklyn: “On the 20th 
of June last, while visiting at the house of 
a relative on Long Island, I saw on his 
lawn an adder, a species of snake common 
in that region, It seemed gentle, and, when 
approached, made no effort toeseape, Wish- 
ing to observe its motiong, I touched it with 
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a stick, when, instead of moving away, it 
commeneed a series of contortions that 
greatly surprised me, Nothing that I had 
seen in the motion of serpents of any kind 
showed so elearly as did this instance the 
extraordinary flexibility of their vertebral 
column, The eontortions ended by the 
ereature thrusting its head and open mouth 
into the loose dirt on the surface as if in 
great distress, when, partially extending 
itself and turning on its back, it lay as if 
quite dead. I lifted it on the stick, and 
carried it some yards, and laid it on the 
grass, but observed, in laying it down, that 
it showed some rigidity, in its tendency to 
turn or lie on its back. Others, who bad 
witnessed the action of the snake, now 
left, and I stepped behind a tree for fur- 
ther observation. 

“Tn two or three minutes the head of 
the snake rose a little, and I eould see 
that it was observing the situation. Pres- 
ently it turned en its belly, and was in a 
position to move away; but, on heing 
touched, it turned on its baek again. 
Finally, it raised its head, turned over, 
and, seeing no one, erawled slowly away, 

“This behavior in the snake was new to 
me, and has not been observed by any 
with whom I have conversed coneerning it, 
It seems to me probable that it arose from 
the instinct of self-preservation, or from the 
equally strong instinct for preservation of 
its young, 
ever, but they may have been near in the 
grass, and it was a season of the year when 
There 
was certainly nothing more eurious or 
strange in the snake’s feigning death than 
in birds feigning lameness, and other ani- 
mals feigning death, when themselves or 
their young are in danger; but [ conclude 
the phenomenon is unusual with serpents.” 


No young ones were seen, how- 


their presenee might be expeeted. 


A New Enemy of Snbmarine Cables.— 
In 1865 the world-renowned special cor- 
respondent of the London Janes, W. H. 
Russell, modestly gave utterance to a 
prophecy which time has sinee fulilled 
almost to the letter. Ie then wrote: “As 
a mite wonld in all probability never have 
been seen but for the invention of cheese, 
so it may be that there is some undeveloped 
creation waiting perdu for the first piece of 
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gutta-percha, which comes down (to the 
sea-bettom) to arouse his faculty and fulfill 
his funetions of life—a gutta-percha boring 
and eating teredo, who has been waiting 
for his meal since the begiuning of the 
wo-ld.” This cnemy of submarine cables 
has already made his appearance, as was 
briefly announced in a recent number of 
Tne Montury. It is a crustacean, less 
than a quarter of an ineh in length, and 
known as Limnoria tercbrans. ‘One break- 
fast which he may take,” says Dr. J. H. 
Gladstone, “imay cost more than the break- 
fast of any luxurious Roman epicure in an- 
cient times, because he may destroy a whole 
cable, and it may take a year to repair the 
damage which he may do in a minute.” 


Hawkshaw ou the Channel Tunnel.—tIn 
the course of the debate which followed the 
reading of a paper on the proposed tunnel 
between England and Franee, at the Bris- 
tol meeting of the British Association, Sir 
John Hawkshaw made a speech, in which 
he expressed his perfect confidence in the 
ultimate success of that great undertaking. 
“The question arises,” said he, “as to the 
risk in tunneling through the chalk. Of 
course we cannot measure that risk with 
any certainty, but we are constantly in the 
habit of undertaking engineering work 
which sometimes an unknown 
amount of risk, and it becomes the busi- 
ness of the engineer to eneounter these 
risks. Prof. licbert seems to expect that 
the ehalk, although it may be continuous, 
as we have ascertained it to be, all across 
the channel, may have such fissures in it 
that, in constructing the tunnel at the depth 
we propose to go, it is possible we may cut 
through the ehalk into the green sand. 
Suppose that were so, it would not deter 
me from encountering this work, A great 
mistake is often made with reference to 
the percolation of water. Water, though 
it passes through sand, passes with very 
slow velocity, I have had to make deep 
excavations in sand fifty or sixty feet below 
the level of the sea, and though water eomes 
rather rapidly at first, until it has drawn 
away a portion of the water which is in the 
sand adjaceut to your work, yet, after that, 
it comes with extreme slowness. There- 
fore, I am not afraid of percolation of water 


involves 
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in that sense. With regard to the percola- 
tion of water through the solid chalk, that 
is of no consequence ; water passes so 
slowly through chalk, that it might con- 
tinue to pass, and nobody would care about 
it. Of course there is a thing that might 
oeceur which would be serious. If you 
could imagine a clear, open fissure frora 
the bottom of the sea to the tunnel, where 
water could pass, there is no doubt, with 
that enormous pressure, it would pass with 
very great velocity, and would be a very 
troublesome thing to eneounter. Ido not 
myself believe in there being any such fis- 
sure. That is almost the only difficulty 
which, 1 think, would hinder this tunnel. 
I do not mean to say that would stop it, 
but it is possible, if we met with a thing 
like that, we should have to have recourse 
to something else, which I have not yet de- 
vised, because I do not expeet it.” 


Sanitary Conditien ef Waterirg-Places, 
—aAt the Baltimore meeting of the Amer- 
ican Public Health Association, Prot. Henry 
Ilartshorne read a report on tle sanitary 
condition ef our popular watering-places. 
The report points out the danger to health 
at such resorts from the contamination of 
drinking-water by soil saturated with sew- 
age. To prevent this, one or both of two 
measures must be adopted, namely—l. To 
use for cooking and drinking either rain- 
water or water conveyed frem a distant, 
uncontamiuated souree; or, 2. To protect 
the soil from contamination by the construe- 
tion of impervious wells for receiving all 
impure matters. The former of these meas- 
ures is always safest; for the latter to be 
earried out without injury to health requires 
close and constant supervision. The report 
finally expresses a desire that records of 
disease and mortuary statisties of the water- 
ing-places in the United States be collected 
at some eetitral point 


Geolozy at the Syracuse University.— 
The elementary instruetion in geology at 
Syracuse University, which heretofore has 
been distributed through the first and sec- 
ond terms of the collegiate year, will be 
given this year during February and March, 
so as to oceupy the attention of the stu- 
dents with this subject almost exelusively 
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during those two months, The plan is in- 
tended to accommodate the large number 
of persons of all ages who feel the desira- 
bleness of an outline acquaintance with 
geology, and who might be able to devote 
two months to the study, while their con- 
venience does not permit them to take an 
entire geological course, or to keep the 
study in hand six months or a year. Simul- 
taneously with the elementary course, two 
advanced courses will be set on foot during 
the months named; one of these courses 
will be Lithological, and the other Paleon- 
tological, Prof. Alexander Winchell will 
have the general direction of this special 


school of geology, with numerous assist- | 


ants, among whom are Prof, James Hall, 
Prof. Burt G, Wilder, and Prof. Edward D. 
Cope. The school opens on Tuesday, Jan- 
uary 25th. 


The Value of Vivisection.—The question 
of vivisection was the subject of an address 
by Dr. William Rutherford, at the last 
meeting of the British Medical Association, 
Physiology, he observed, is an experimental 
scieuce. Apart from experiments which are 


the result of artifice, discase and accident © 


are constantly bringing about conditions 
which partake of the nature of experiments, 
and are sometimes of great phystological 
significance. Still, this teaching of disease 
and accident leads us but a short way, and 
the pursuit of physiological truth by their 
aid is often an uncertain, devious, and com- 
plicated method. Dr, Rutherford effectively 
contrasted the very imperfect and indirect 
theoretical method of physiological instruc- 
tion in the past with that by demonstration 
and experiment in the present time. No 
one can doubt for a moment that the rea- 
soning, eritical faculties are truly educated 
where men are trained to see and examine 
for themselves the experimental evidence on 
which physiological knowledge rests. Dr. 
Rutherford holds that definite, critical knowl- 
edge of animal mechanism cannot be at- 
tained unless students be shown experi- 
ments on living animals. 


Prolifie Peaches.—At a meeting of the 
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twos and threes from one flower. They 
were from the Chinese double-flowering 
kind. He remarked that, as is well known, 
plants with double flowers are rarcly fertile. 
Either the stamens are wholly changed to 
petals, or the less vital conditions which al- 
ways accompany this floral state are une- 
qual to the task of producing perfect pistils. 
Vitality, however, he observed, is more or less 
affected by external conditions, independent- 
ly of the mere structure of organs, and this 
was well illustrated by the remarkable fer- 
tility of the peach last season. This abound- 
ing vitality had evidently extended to the 
double peaches, and had influenced the de- 
velopment of the female organs to an unu- 
sual extent. These facts have an interest 
in botanical classification. Lindley removed 
the cherry, plum, peach, and their allies 
from the Josucee, chiefly because they had 
but a single free carpel, and grouped them 
The production of two and 
three carpels in this case shows the true 
relation, and it might be of use to those 
interested in “‘ theories of descent.” 


as Drupacee, 


Stability of Chinese Civilization.—In ac- 
counting for the wonderful cohesion of the 
great Chinese Empire, the Prussian traveler 
Yon Richthofen says that the causes of this 


phenomenon are manifold. First, the piti- 


less extermination of such tribes as the 
Man-tse. Then the complete fusion of un- 
cultured races with the civilized Chinese, 
from which has resulted an homogeneous 
people, with one language, the same man- 
vers, aud the same traditions. But above 
all stands the fact that Chinese civilization 
is indigenous. In Europe, civilization is the 
result of the efforts of several nations, and 
has been attained only at the cost of much 
strife aud sacrifice, one people transmitting 
to another its hard-earned advantages, But 
in China civilization was developed in more 
orderly fashion, and is the product of the 
genius of a single people. The Chinese 
have very rarely come in contact with neigh- 
boring peoples, nor have they borrowed 
from the Hindoos any thing save Buddhism, 
and that has certainly been of no advantage 
to the nation. For 4,000 years they have 


Academy of Natural Sciences of Philadel- faithfully preserved the religious and polit- 
phia, Mr, Meehan exhibited some branches ! ical principles set forth in the decrees of 


of peach, in which the young fruit were in 


the Emperor Yan, and, though again and 
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again the edifice raised upon this firm foun- 
dation las tottered, it has been again set 
up on the same basis. These principles, 
which alone uphold the unity of this vast 
empire, stand to this day intact, nor does 
Von Richthofen pereeive any evidences of 
senile weakness in the body politic ; on the 
contrary, he thinks that in the future Chi- 
nese civilization will Lave a mighty devel- 
opment, without losing any of its native 
characteristics, The principles which gov- 
erned its first estabiishment, and which are 
still influential in monlding it, are in faet 
perfectly in accordance with natural laws, 
being simply the application to the social 
and political state of the principles of the 
paternal authority and filial obedienee. In 
China the anthority of the father of a fam- 
ily is nulimited, the obedience of the son is 
absolute. The emperor, as the father of 
his subjects, the mandarins, his represent- 
atives, receive from the people a filial obe- 
dience, but at the same time the sovereign 
must conform himself to the holy maxims 
of Confucius. There may be cases of de- 
fection, rebellion; functionaries may yield 
to corruption, as has been the ease of late 
years; but sooner or later order will be 
restored, and the mandates of the central 


power will be again respected to the outer- | 


most limits of the empire. 


Earopean Life in India.—The “ Value of 
Enropean Life in India” was the subject of 
a paper read at the last meeting of the Brit- 
ish Association by Dr. F. J. Monat. The au- 
thor stated that within the present century 
the annual loss of European life in India had 
gradually and steadily decreased from about 
69 per 1,000 to an average of 15 or 16. 
This decrement is still in progress. Among 
24,500 British army officers in India, from 
1861 to 1870, the death-rate from all causes 
was not quite 17 per 1,000. In the Madras 
Presidency, in the same period, amoug cor- 
responding classes, the average rate was 
somewhat less; and, among carefully-select- 
ed European railway employés, the parlia- 
mentary returns show the mortality rate to 
be about 10 per 1,000, The anthor ex- 
pressed the opinion that the Anglo-Saxon 
colonization of the plains of India is impos- 
sible; but that in the hill country a healthy, 
vigorous, European population could take 
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root and flourish, On the whole, he re- 
garded the present state of the qnestion as 
most encouraging, and that the risks to life 
in India of persons who were sound in con- 
stitution, and reasonably prudent in their 
wode of life, are not much in excess of those 
incurred in more temperate climates. 


Cost of a Small-Pox Epidemie,—At the 
recent meeting of the Americau Health As- 
sociation a paper was read by Dr, Benjamin 
Lee, on the cost to the city of Philadelphia of 
the small-pox epidemic which existed there 
in the winter of 1S7172. When the disease 
first appeared, no effective measures were 
taken to combat it. ‘he public treasury 
could not bear the expense, it was said; be- 
sides, were any thoroughgoing action to be 
taken by the city authorities, traders from 
abroad would learn that the disease prevailed 
in the city, and would go to other markets. 
Dr. Lee's paper is intended to show that 
herein the authorities were “penny wise, 
pound foolish.” Tle direct and the indi- 
rect losses caused to Philadelphia by that 
one visilation of small-pox amount to an 
enormons sum of money, a small fraction 
of which wonld have sufficed, if judiciously 
expended, to insure immunity from the dis- 
ease, The losses as computed by Dr. Lee 
exceed $20,000,000. 


NOTES, 


Tue article on “the Horseshoe Nebula 
in Sagittarius ” in the number of Tre Popu- 
tLaR Secrenck Montuty for January, 1876, 
contains two annoying errors which the 
editor desires to correct. In Fig. 2, page 
27, the letters Wand # and also the let- 
ters Vand S are interchanged. 

In Fig. 6, page 279, great injustice is 
done to M, Trouvelot’s drawing, owing to 
the introduction by the engraver of two 
bright patches near e and d, and ¢ and & 
(see figure), These should be as faint as 
the nebulosity near g. 


Tur cores of a pair of enormous ox- 
horns were discovered, some years sinee, in 
Adams County, Ohio, at the depth of about 
18 feet below the surface of the gronnd. 
Aecording to the American Journal of Sei- 
ence they measure nearly 6 feet from tip to 
tip, and are 22 inehes in circumference. 
The original horns must have been of enor- 
mous size, as the core of the horns of the 
ox is about one-third of the entire length. 


NOTES. 


These horns are now in the Museum of the 
Cincinnati Society of Natural History, 


Tr is an error to suppose that the lion is 
stronger than the tiger, Dr, [faughton has 
prov ed that the strength of the lion in the 
fore-limbs is only 69.9 per cent. of that of 
the tiger, and the strength of his hindlimbs 
only 65.9 per cent. Five men can easily 
hold down a lion, but it requires nine meu 
to control a tiger. 


In the course of his researches into the 
habits of insects, it was found by Lubbock 
that an aut, which has a large number ot 
larvee to earry from one place to another, 
goes and fetches several other ants to aid 
in the work, while, if there are only a small 
number of larvie, only a few helpers are 
called mn. 


Ir is stated by Dr. George Maclean, of 
Princeton, ina communication to the editors 
of the American Journal of Science, that on 
one oecasion, after some experiments with 
phosphuretted hydrogen, prepared from 
phosphorus and solution of potash, on re- 
tiring to bed, he found his body to be huni. 
nous with a glow like that ot phosphorus 
exposed to the air. Some of the gas, es- 
eaping combustion, or the product of its 
burning, must have been absorbed into the 
system, and the phosphorus afterward sep- 
arated at the surface have there undergone 
eremacausis. 


Tres instances of extraordinarily rapid 
growth of plants are recorded in the Gur. 
dener’s Chronicle. First, a Sequoia yiqunted, 
planted in 1855, in Loire-Inteérieure, France, 
is now more than 72 feet high, and, ore: 
a yard from the ground, has a girth of 7 
feet. In the same locality, a plant ot ‘Buk 
busa mitis threw up a stem of wore than 22 
feet in two months, while a }weee albospica 
produced an iuflorescence 8 feet high. 


Accorpine to Dumas there are two dis- 
tinet kinds of fernents: those which, like 
yeast, are capable of self-reproduction, and 
those which, like diastase and synaptase, 
are without this property. It has been ob- 
served by Muntz that ferments of the for- 
mer class are neutralized by chloroform ; 
not so those of the latter class, 


Pror. S. P, Snarpies, of Boston, has 
drawn up tables showing the range of dif. 
ference between different specimens of pure 
milk as regards the amount of solid matter 
they contain. The highest pereentage of 
solid matter is 19.68, the lowest 9.3, 


Iris stated ina French journal, Le Char- 
bon, that experiments made at Bordeanx 
with cork, as a substance for developing 
iuminating gas, have led to such good re- 
sults that itis proposed to establish a cork 
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eas-house in that city. The waste of cork- 
cutting shops ts distilled in cluse vessels, 
and the flame of the resulting gas is more 
intense and whiter than that of coal-gas. 
The blue portion of this fame is much less, 
and the density of the gas much greater 
than that of eumimon illuminating gas. 


Ir is stated by Galton that in England 
country boys, of fourteen years, average an 
inch anda quarter more in height, and seven 
pounds more in weight, thau city boys of 
the same aye, as shown by the examiuation 
of a large number of boys in country and 
city schools. 


Dr. Rosert Baryes, writing in the Ob- 
stetrival Journal, questions the propriety of 
admitting women to the practice of medi- 
cine. The reason he assigns is, that there 
exists a natural incompatibility between 
seience and the female brain. The chureh 
and the law he considers to be the profes- 
sions most congenial to the “ somewhat ar- 
bitrary character of the female intellect.’ 
Clergymen and lawyers are, as a rule, the 
enemies of science, says Dr. Barnes, and in 
the women they find ilicie most useful al- 
lies, 


From observations made in Colorado by 
a member of the Academy of Natural Sci- 
ences, of Philadelphia, it would appear that 
grasshoppers cau foresee, and provide, some 
time in advanee, against certain changes in 
the weather. 1t happened that, while a 
party of persons were riding in a carriage, 
the question of the probability of rain was 
diseussed, when saddenly the grasshoppers, 
which just before lad filled the air, de. 
seended like a shower to the ground, In 
two or three minutes, not a grasshopper 
could be seen in the air, and very soon rain 
commenced to fall. Inmediately atter the 
rain bad ceased, the insects took flight 
again, but in the course of half an hour, 
without any particular indication of rain, 
they suddenly plunged to the earth again. 
Again the rain began to fall, ‘This process 
was repeated by the grasshoppers three 
times in one afternoon, and cach descent 
was followed by rain, 


Ifkrr Marno, of Gordon's Nile Expedi- 
tion, has reported to the Vienna Geograph- 
ieal Society the particulars of a journey 
made by him for a distanee of 150 miles to 
the southwest of Lado. This brought him 
to the Makraka territory, the natives of 
which he says resemble the Niam-Niams, in 
respect of their diminutive stature, their 
lighter eolor, and their general habits, 


In view of the recent barbarous exhi- 
hition at the Tombs, the Scientific Ameri- 
ean recommends the employment of elec- 
tricity, as not only sure aud instantaneous 
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in its action, but a painless means of killing 
the criminal. 


Domas sums up as follows the results of 
numerous experiments made in order to 
test the eflicacy of the sulpho-carbonate of 
potassium, in destroying the grape-phyl- 
loxera: In the first place, the phylloxera is 
destroyed wherever the solution of the salt 
orits vapor penetrates. Secondly, the vine 
itself suffers no injury. Occasionally, a 
very few living phylHoxere are secn after 
treatment; but these come from other 
neighboring vines which have not been 
treated with the sulpho-carbonate, or have 
been hatched from eggs which bave in some 
way been protected from the action of the 
salt. 


Dr. Rupotr von W1LLEMors-Stum, nat- 
uralist attached to the Challenger expedition, 
died at seaon the passage from Hawaii to 
Tahiti, on September 15, 1875, aged twenty- 
eight years, He was a native of Schleswig- 
Holstein, and was educated at the Univer- 
sities of Gottingen and Bonn. He early 
showed a very strong taste for natural his- 
tory, and when only a boy published pa- 
pers on the habits of Kuropean birds, 
After leaving Bonn he was appointed Pri- 
vat-Docent in Zoology in the Munich Uui- 
versity. JTe went to ltaly in 1868, making 
zovlogical observations at Spezzia, and in 
1872 visited the Farée Islands, He then 
joined the Challenger expedition, He was 
a man of unusual acquirements and eulture. 


Tux biennial prize of 20,000 francs" has 
been awarded by the Institute of France to 
M. Paul Bert, for bis discoveries on the 
effects of oxygen in the act of respiration. 
Some of the principal results of Bert's re- 
searches have been stated in the pages of 
the Monruty. According to the eminent 
physiologist, Claude Bernard, Bert’s discov- 
eries are “the most astounding that have 
been made since the discovery of oxygen 
by Priestley.” 

Tne Royal Society of London has 
awarded to Mr. Crookes a “ Royal Medal,” 
for his various chemical and physieal re- 
searches, more especially for his discovery 
of thallium, his investigation of its eom- 
pounds, and determination of its atomic 
weight, and for his discovery of the repul- 
sion referable to radiation, 


AN interesting experiment made by G, 
Planté, and described by him to the Paris 
Academy of Sciences, may possibly explain 
the spiral form of many of the nebule. 
The two copper cleetrodes of a battery of 
15 elements being immersed in water con- 
taining one-tenth of sulphurie acid, the pole 
of a magnet is bronght near to the end of 
the positive electrode. Immediately the 
cloud of metallic particles, borne away from 
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this eleetrode by the current, assumes in the 
liquid a gyratory, spiral motion, resembling 
in appearance a spiral nebula. 


Ir will be gratifying to our readers to 
learn that the preliminary operations of the 
expedition sent under the auspices of the 
Hydrographic Oftice, United States Navy, 
to determine telegraphically the relative 
longitudes of points in the West Indies, 
have been so far successful. Captain 
Green, U.S. N., assisted by the officers of 
the United States ship Gettysburg, and by 
Mr. Rock, civil assistant, has so arranged 
his programme that the two temporary ob- 
servatories at Havana and Key West are in 
the same circuit, and that the signals made 
at either station are reeorded directly, with- 
out the intervention of the observer at the 
second station, on his chronograph. It is 
to be presumed that an important element 
of uncertainty is thus eliminated, All the 
arrangements for the work are in good 
order, and Captain Green acknowledges 
the most cordial assistance from the offi- 
cials of the Government and of the cable 
companies. 


Tue production of gum in fruit-trees, 
M. Prillienx regards as a disease, which he 
names gummosis, The alimentary substances 
in the interior tissnes, instead of pro- 
moting the plant’s growth, are diverted to 
the production of gum, and a portion of 
them accumulates about gummy centres, 
which seem to act as eentres of irritation, 
The production of gum at the expense of 
nutritive matter has no limit short of the 
complete exhaustion of the plant. The 
best remedy is scarification. ‘To cure the 
disease, the materials appropriated to form- 
ing gum must be restored to their normal 
destination. Hence, a more powerful at- 
traetion for them must be introduced than 
that of the gummy centres, Now, the 
wounds of the bark necessitate the pro- 
duction of new tissues, and, under this 
strong exeitution, the reserve matters are 
employed in the formation of new cells, and 
cease to be attracted in the wrong direc- 
tion. 


AN instrument for the rapid examination 
of oils and textures by means of electricity 
has been invented by Prof. Palmieri. The 
instrument will—l, Show the quality of 
olive-oil ; 2. Distinguish olive-oil from seed- 
oil; 8. Indicate whether olive-oil has been 
mixed with seed-oil; 4. Show the quality 
of seed-oils ; 5. Jt will indieate the presence 
of cotton-fibres in silk and woolen textures, 


It is stated by Dr, Malherbe that sewing- 
silk is sometimes impregnated with acetate 
of lead, and that seamstresses are frequently 
poisoned by introducing such thread into 
the mouth. 
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HYDROGRAPHY. 


woe (from the two Greek words, tdwp, water, and 

ypdow, description, is the important branch of physical science 
and descriptive geography which has for its object the graphical rep- 
resentation of the waters of our globe and their shores, with all their 
properties bearing upon navigation, 

Their exploration to this end, their description by means of charts 
and directions for the use of the navigator, as also the generalization 
of the local data in order to ascertain the laws governing the physical 
phenomena upon which navigation depends, the winds, currents, 
weather, tides, terrestrial magnetism, etc., is the responsible and ardu- 
ous task of the nautical surveyor and hydrographer, 

The most essential requirement for navigation is charts, general 
charts of entire oceans, or parts of them and their shores, compiled 
by the hydrographer from existing data, and special charts of smaller 
areas, of harbors, roadsteads, ete., prepared from special surveys. 
The earliest sea-charts date from the middle of the fourteenth cen- 
tury. They were necessarily rude and imperfect, the earth’s shape 
and dimensions being then unknown, the log for measuring nautical 
miles not in use, and the means for ascertaining astronomical posi- 
tions very imperfect. 

The discovery of America and the Cape of Good Ifope, together 
with the reformation in astronomy by Copernicus and Galileo, insti- 
tuted u new era in geographical knowledge ; the earlier charts of this 
period, however, were still grossly inaccurate, especially as regards 
geographical positions, and many of the isolated islands of the Pa- 
cific Ocean, seen and described by the early Spanish voyagers, have 
been searched for at later periods in vain, until islands in positions 
differing hundreds of miles from those given to them, but answering 
their description completely, have been adopted for them; many of 
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the islands shown on the present charts with queries, in regions not 
yet sutliciently explored, will prove to have been similarly misplaced 
at that early date. 

The science of hydregraphy, by whieh the correct establishment 
of positions and exact delineations of the shores are attained, remained 
meagre until the middle of the eighteenth century, when it may be 
said to have fairly commenced with the expeditions of Captain James 
Cook under the auspices of Great Britain, which were soon followed 
by similar undertakings by other nations, especially by Franee and 
Russia, and at a later period by the United States. Almost all these 
voyages of discovery and explorations were of cireumnavigation, and, 
though many localities were examined more or less in detail, in gen- 
eral they could only result in skeleton charts to be filled in by sys- 
tematic surveys, at a future period, conducted under the direction of 
organized institutions. In the first quarter of the present century 
hydrographic offices were established by the principal maritime na- 
tions for the survey of their waters at home and in their colonies. To 
the hydrographic office of Great Britain, which has been liberally 
provided with means by the Government, belongs the credit of hav- 
ing taken the lead in extending systematic surveys into almost every 
water traversed by vessels, and to its zeal and energy all navigators 
and eommercial communities will ever be deeply indebted. At pres- 
ent almost every nation having a seaboard has it hydrographic office 
for the survey of its own coast, and to participate in the survey of 
such waters as are considered the common possession of nations, and 
of the coasts of countries which do not provide for surveys. Almost 
every European nation has provided for the trigonometrical survey 
of its entire domain. 

The British Ordnance Survey, commenced in 1788, will probably 
take ten years yet to eomplete; the trigonometrical surveys of 
France, Germany, the Netherlands, Belgium, and the European por- 
tion of Russia, are in course of completion; in other countries they 
are in progress. The several governments have also agreed on meas- 
ures for the careful connection of the triangulations across the bor- 
ders of their states, Where such rigid geodetic operations were 
instituted previous to the hydrographic survey of the coasts and wa- 
ters, they furnish the hydrographic surveyor, not only with the correct 
outlines of the coast, but also with the precise position of the land- 
marks upon which he may base his work, or, in other words, a skele- 
ton for the same. Bnt, when such surveys are not existing, he is com- 
pelled to lay down the coast-line also, with its detail as far inland as 
there are landmarks auxiliary to navigation, thus performing the 
labors of the topographer as well as those of the hydrographer, 
Both require the greatest care, for on the precise establishment of the 
landmarks depend in a great measure the delineation of the shore- 
line, the establishment of outlying dangers, and the exact location of 
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the soundings, by which the profile of the bottom is represented on 
the chart. 

Sudden elevations, shoals, and especially submerged rocks, the 
great dangers to navigation, sometimes eseape the lead as well as the 
eye, even in the most careful survey, and are only discovered by acei- 
dent, often from disaster. Such dangers are found from time to time 
in the most frequented harbors, which have been surveyed with the 
greatest care. While the land, with the present means, can be laid 
down absolutely correct, the hydrographie surveyor can never be 
certain that he has thus represented the most essential portion of his 
chart. 

The hydrographic features of coasts, not rock-bound, are snbject 
to changes, gradual by the action of the sea, and sudden by natural 
phenomena, as great gales, ete.; voleanic activity also affects at times 
the rock-bound coasts. The mouths of rivers and the embouchures of 
inland waters are especially subject to changes by the wash of the dis- 
charging waters, and the sediment and débris carried along by them, 
which mostly accumulate on the bars, and are shifted to and fro by 
the foree of the sea before they settle tirmly ; the depth of water in the 
channels, and even the course of the latter, does not remain the same 
for any great length of time, and some bars change with every shift 
of the wind. The surveys of such localities will only hold good in 
their general features; in the shore-lines and in the landmarks by 
which a vessel may approach and feel her way in; the more frequent- 
ed harbors of this nature require reéxamination from time to time. 

Several nations have provided for a trigonometrieal survey of 
their coasts only, in advance of geodetical operations embraeing their 
entire domain. 

The United States Coast Survey was first organized by act of Con- 
gress in 1807, which provided for surveying the coasts of the United 
States, but the first labors in this field did not commence until 1817, 
and were shortly after interrupted; in 1832 they were resumed, and 
have since been carried on, with energy and but little interruption, to 
the present date. 

The United States Hydrographic Office, for the purpose of con- 
structing and publishing charts, sailing directions, and all hydro- 
graphic information relating to the coasts and waters ontside of the 
boundaries of the United States, for the use of its marine, both naval 
and commercial, and for directing the examination and survey of the 
channels of commerce in foreign waters, was established under the 
Navy Department in 1866. 

Connected trigonometrical surveys have also been instituted for 
the waters of the more important of the European colonies, especially 
in the West and East India waters and in Australia, but for far the 
greater part of the navigated portions of the globe the navigator will 
for a long time have nothing but reconnoissances and running surveys, 
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of which the earlier are more or less rough and unconnected, and even 
some of later dates cannot be entirely relied upon. 

Running surveys, more or less in detail, are generally the precur- 
sors of the more strict geodetic survey, but, in order to answer the 
wants of navigation, these should always be based upon a triangnla- 
tion between natural landmarks, checked at reasonable distanees by 
very careful shore observations for latitude and longitude, and the 
latter carried directly from a central position to the most prominent 
points of the thus surveyed area and back again, and the central posi- 
tion connected in the same manner with the nearest satisfactorily 
determined position, to which the longitudes of that locality are gen- 
erally referred, 

The telegraph-eables which already connect many of the most 
important places will soon gird the globe in several belts, and will 
afford the means for aseertaining great meridional distances with 
almost absolute correctness, There will thus be furnished a great 
nunber of primary positions from which the longitude may be carried 
in eobrdinate lines to secondary places. In this manner a network 
of points spread over the globe will be attained, corresponding to the 
primary and second triangle points of great geodetical operations. 

The completeness and correctness of a running survey depend 
upon the time devoted to it and the difficulties encountered; frequent- 
ly the coast-line is only traced in from point to point, or from the 
shore-ends of the lines of soundings by the eye; the points of land, 
however, especially the salient ones, shonld always be fixed by angles 
to or from the established landmarks, as should also all outlying 
dangers and all features bearing directly upon or assisting navigation. 

The surveys of harbors and anchorages should be as complete as 
possible ; if time permits, beacons shonld be erected for triangulation, 
and the plane-table employed for obtaining the shore-lne. The parts 
of the latter which are merely traced in approximately should be dis- 
tinguished on the chart by a broken line. 

The soundings should always be numerous enough to show the 
configuration of the bottom of harbors, and off a seacoast the gradual 
rise from great depths to the shore, islands, and banks, so that the 
characteristic curves of the depths may be shown with precision on 
the charts; for harbors generally the one, two, three, and five fathom 
eurves are marked; on coast-charts, those of three, five, ten, twenty, 
fifty, and one hundred fathoms. 

When sounding from a vessel in motion or from a boat, the lead 
should be tried at intervals, even when it is anticipated that the bot- 
tom will not be reached, not only on account of the possibility of the 
discovery of a sudden elevation, but for the purpose of placing the 
negative soundings on the chart, which show conclusively the absence 
of danger and that the ground has been examined. 

For such negative soundings, as much line should be used as the 
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speed of the vessel will permit, and at reasonable distances the deep- 
sea lead should be employed to obtain actual depths. Positive sound- 
ings exceeding 100 fathoms should be obtained as far to seaward as 
circumstances will permit the survey to be extended. 

A difficult task of the hydrographic surveyor is, to search for the 
islands and dangers shown on the charts, or enumerated in nautical 
guides as uncertain in position or of doubtful existence. 

Many facts show that the origin of a great number of these may 
be traced to deceptive appearances, to misplacement from faulty ob- 
servations or reckoning, or to typographical errors in the reports 
published. 

Reports of new dangers grow more frequent, as the sea-routes 
extend into regions heretofore but little traversed, and as the com- 
mercial navigator manifests a greater interest in hydrography. All 
these obstructions to navigation are placed on the charts, usually with 
queries, until they are verified and correctly located, or their uon- 
existence proved by professional authority through local search, Such 
dangers have frequently been found to exist at considerable distance 
from the positions given, from indifferent astronomical observations, 
or from reckoning referred to observations taken several days before 
or after their discovery ; the search must, therefore, be extended over 
a considerable area. The search for islands is naturally less difficult 
than that for submerged dangers, which on the broad ocean can in 
some instances hardly be detected but by chance. 

In causing reported dangers of this nature to be erased from the 
charts, on the strength of a search which has not been thorough 
in every particular, the hydrographer incurs a grave responsibility ; 
there are a number of instances on record where dangers which 
had been searched for most carefully and by very competent authority, 
have been replaced exactly in the position from which they were 
erased, after they have been assured by the loss of a vessel on them, 
and the reéxamination of the position in consequence of it. 

A correct representation of the character of the bottom of the 
waters is very important, uot only for the selection of anchorages, 
but also as a guide to the navigator when he cannot otherwise obtain 
the position of his vessel, especially when approaching a coast hy fogs 
and thick weather, or when passing through channels not bordered 
by good landmarks; for this purpose specimens of the bottom should 
be brought up for examination, and every change of it noted. 

The tidal relations, tidal hour, and the rise and fall at the various 
stages of the moon, and in the various seasons, the influence of the 
winds upon the tides, ete., can be deduced accurately only by obser- 
vations continued through a longer period than the limited time of a 
running survey will generally permit. Observers should, if possible, 
be left for this purpose at the important points. <A lunation is the 
shortest period in which approximate data can be arrived at, but ob- 
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servations for a shorter time, and by rough means, may prove of some 
valne, and such shonld be made daily. 

Meteorological observations, the direction and force of the winds, 
the appearance of the sky and clonds, temperature, the pressure and 
humidity of the atmosphere, cte., should be made at the stations ocen- 
pied for tidal observations; they can then be made with more preci- 
sion than those nsually made on board ship. 

Every opportunity should be availed of for gathering information 
from intelligent residents in regard to the local, tidal, and meteorolo- 
gical relations, in order to complete deficient observations. Perma- 
nent currents are correctly ascertained in places where a vessel can 
anchor, by various methods of observation, on the deep sea gencrally 
by the difference between the position by observation and that by the 
dead-reckoning. 

The active hydrographic surveyor will not, while on the ocean, 
neglcet to aid in the labor of the physicist, by examining into the con- 
dition of the water, its temperature at the surface and at various depths, 
its specific gravity and salinity, its fauna and flora, and by contributing 
to the natural sciences, generai geography, gcology, and ethnology, 
while in regions which may be not at all, or but little, explored. 

The hydrographic part of the information thus obtained is laid 
down for the use of the navigator in charts and text-books in such a 
manner as to be rendered complete without interfering with clearness 
and rcady comprehension. 

Charts must contain with distinctness every feature upon which 
the navigator relies, coast-line, outlying dangers, peaks of mountains, 
with their height, conspicnous objects, ete. Sea-charts are construct- 
ed for publication on Mereator’s projection, although this projection 
distorts the relative size of the several areas and the bearings of 
points; the more so the farther the chart is extended toward the 
poles. Navigators, however, prefer it to the more correct conic pro- 
jections, as it represents the meridians and parallels of latitude in 
straight lines, thereby facilitating the laying down positions and bear- 
ings. The careful hydrographer will plot his work on a conic pro- 
jection, and thence transfer it to that of the Mercator. The gno- 
monic projection—projecting areas on a plane tangent to the earth 
from the earth’s centre—represents the great circles, the shortest dis- 
tances between two points by straight lines, and in this has advan- 
tages for charts of entire oceans. As yet, this projection has not 
been used to any extent, All conspicuous objects on which the navi- 
gator depends should be given preference in distinctness of delinea- 
tion over that of mere detail. 

Upon the intricacy of the configuration, especially that of danger- 
ous passages, will depend the seale to be adopted, which should not 
be so large as to render the chart unhandy, and not so small as to in- 
terfere with clearness. Usually the work is first laid down on a scale 
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jarge enough to show at a glance any fault in the projection, and then 
reduced to the scale decided on for publication. On the latter, objects 
of importance, especially dangers to navigation, should be exaggerated 
in preference to their not being sufticiently conspicuous. The sound- 
ings obtained, espeeially in harbors, will be far too numerous to repre- 
sent them all, even upon the working-sheet ; care must be taken in 
selecting the characteristic soundings, which must be reduced to a 
certain state of the tide, usually to low water, and they must be 
placed on the exact spot representing that in which they were ob- 
tained. Heretofore these were expressed in the standard measure of 
the country in which the chart was published, but recently the French 
metre has been adopted by all maritime nations, excepting Great 
Britain and the United States, who nse the English fathom and foot. 
It is preferable to use on the same chart but one unit, either fathoms 
or feet, as the use of both, even with the shading, frequently leads to 
error. In order to show better the structure of the bottom, and to 
make irregularities more conspicuous, curves of equal depths—futhom- 
curves—are laid down. The denomination of the curves depends upon 
the depth of water that can be carried into the harbor or along the 
coast. Harbor charts generally show the five, three, two, and one 
fathom curves, the latter three often distinguished by shades of sand- 
ing (dots to represent sand); the five-fathom curve is expressed by 
rows of five dots on the line of the curve. Coast-charts generally 
show in addition a ten, fifty, and one-hundred fathom curve. 

The character of the bottom is represented by the first letter, or an 
abbreviation of the word, expressing it; currents by arrows, with the 
force in knots per hour or per day Hiieed along them; bnoys and 
beacons are shown by conventional signs. 

Lines of bearing point ont the courses to be steered, and guide 
also in avoiding dangers. Views, placed so as not to interfere with 
the sailmg-ground, show the appearance of the land on the bearings 
on which they are taken. 

An important feature of the chart is the compass, placed in snch 
positions as are most convenient for taking off the courses. On har- 
bors and special coast-charts the compass-points are generally laid off 
from the magnetic north line; on general ocean-charts, on which the 
variation changes rapidly with the lateral distances from the direetion 
of the magnetic curves, they are laid off from the true north. 

General charts, and frequently harbor-charts, have the projection 
drawn over them, from which the latitude and longitude of any point 
represented on it can be ascertained minutely; where the projection is 
not thus drawn, the astronomical position of a well-defined point is 
given, usually under the title, with the mention of the primary posi- 
tion to which it has been referred. The title also embraces the tidal 
hour, with rise and fall of tide, at the full and change; the unit of 
measure in which soundings and elevations are expressed; the scale 
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on which the chart has been constructed, and an explanation of the 
conventional signs used on it; these latter, however, are generally 
supposed to be known. 

General notes regarding the winds, currents, tides, harbor facili- 
ties, etc., are frequently added, as also sometimes sailing-directions; 
but generally these are left for text-books, which, under the titles of 
“Directions,” “ Memoirs,” ‘‘ Manuals,” or “ Pilots,” give to the navi- 
gator the information obtained by the hydrographer, with the general 
results arrived at, which cannot be engrossed on charts. 

By a judicious arrangement and a complete index, these should be 
made as intelligible and as ready for reference as possible, and should 
contain all the points within the area treated on that are of interest 
to navigation. 

The first treatise on marine surveying, published in a practical 
form, was by Alexander Dalrymple, in 1771. This was followed by 
the work of M. Beautemps Beaupré, in 1808; since which time there 
have been published many valuable works on marine surveying, 
adapted both to running surveys and to greater geodetical operations, 

In hydrographic surveys and exploration, England has always been 
foremost. Her Hydrographic Office, dating from 1795, under Al- 
exander Dalrymple, was not firmly established until 1828, when Cap- 
tain Francis Beaufort became the hydrographer to the British Admi- 
ralty; since which time, under the administration of the line of dis- 
tinguished navy officers his successors, it has steadily advanced, to 
the inestimable benefit of commerce, both British and foreign. At the 
present date the charts of this office number two thousand nine hun- 
dred and eighteen, and yet about one-half of the coasts and navigable 
waters of the world remain unsurveyed, a great part not even examined. 

An interesting skeleton chart of the world, compiled at the British 
Hydrographic Office and attached to a paper delivered by Commander 
Hull, R.N., superintendent of the Admiralty charts, before the Royal 
United Service Institution, showed the portions of the coasts of the 
world surveyed, partially surveyed, and only explored. Taking this 
continent alone, between the parallels of 60° north and 60° south, be- 
yond which whaling-vessels only generally go, it will be found by rough 
measurement that about 12,000 miles of the seacoast have been sur- 
veyed, 20,000 miles partially surveyed, and that 8,000 have been only 
explored. Coasts partially surveyed or only explored require the 
utmost caution for safe navigation ; and, even with this, vessels are 
constantly in peril. For the remainder of the globe, with exception 
of Europe, the proportion of the inadequately-surveyed and almost 
unknown coasts and waters ismuch greater. This should demonstrate 
clearly the vast field of labor awaiting the maritime surveyor. 

England perseveres in this work, and her hydrographic parties are 
found in every quarter of the globe, opening new channels to com- 
merce, and defining the dangers of navigation. France, in her publi- 
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cations issuing from her Department des Cartes et Plans, is hardly 
behind Great Britain; from the time of the father of French hydrog- 
raphy, M, Beautemps Beaupré, to that of its present distinguished 
direetor, Viee-Admiral Jurien de la Graviére, this offiee has not ceased 
to assert its prominence and usefulness. France, however, though 
constantly and systematically proseeuting foreign hydrographie sur- 
veys, has not carried this work to the same extent as Kneland, Spain, 
of late years, has rested on her laurels of the past, and with other 
maritime nations, with exeeption of casual foreign surveys, has re- 
stricted herself to the shores of her own possessions, and to issuing 
from time to time valuable publications and information for the bene- 
fit of navigation. The United States Hydrographie Office, though 
yet in its infancy, has made rapid progress, and now issues a respect- 
able number of publications; no permanent system, however, of hy- 
drographie surveys has ever been snecessfully institnted under the 
Navy Department. On its own coast, in its waters and harbors, the 
work of the United States Coast Survey is extensive, scientifie, and 
thorough, and many years will yet be required for its completion. 

All attempts to inaugurate a system of foreign surveys have failed, 
though, with intervals of many years, spasmodic efforts have been 
made and expeditions sent from her shores, which have done good 
service to hydrography and geographical science, thongh many and 
powerful attempts have been made by those interested in commerce 
and navigation to indnee legislators to appropriate the small amounts 
requisite for this service; yet, even when such have been organized, 
and the hydrographic work was beginning to yield its fruit, the want 
of interest and legislation has erushed it out, and necessitated the 
withdrawal of the work, leaving only the hope that in time to eome 
the United States may assist the other great maritime nations in 
making more smooth the course of the mariner through the paths of 
the great deep. Millions of property have been lost, with thousands 
of valuable lives, from the lamentable neglect of continued hydro- 
graphie surveys. 


LACE AND LACE-MAKING.' 
By ELIZA A. YOUMANS. 


O think of lace merely as a symbol of vanity is quite to miss its 
deeper significance. If the feeling that prompts to personal 
decoration be a proper one—and it is certainly a natural and univer- 
sal sentiment—then lace has its defense, and we may agree with old 
1 We cannot give a complete account of Jace in a magazine article, but readers who 


desire more information are referred to Mrs. Palliser’s excellent history of the subject, to 
which we are largely indebted, and from which our illustrations are mostly taken. 
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Fuller of the seventeenth century, when he says: “Let it not be con- 
demned for superfluous wearing, because it doth neither Ide nor heat, 
seeing that it doth adorn.” But the subject has also its graver as- 
pects; for, as science is said to obliterate all difference between great 
and small, so the bistory of lace may he said to efface the distinction 
between the frivolous and the serious. Thongh good for nothing but 
decoration, the most earnest elements of humanity have been enlisted 
in connection with it. Lace-making, a product of the first rude begin- 
nings of art, thongh complex, and involving immense labor, was yet 
early perfected. As a source of wealth, it has been the envy of na- 
tions and has shaped state policy; as a local industry, it has enriched 
and ruined provinces; and, as 2 provocative of invention, it has 
given rise to the most ingenious devices of modern times, which have 
come into use only with tragic social accompaniments. The subject 
has, therefore, varions elements of interest which will commend it to 
the readers of the Montury. 

Lace, made of fine threads of gold, silver, silk, flax, cotton, hairs, 
or other delicate fibres, has been in use for centuries in all the 
countries of Europe. But long before the appearance of lace, properly 
so called, attempts of various kinds were made to produce open, gauzy 
tissues resembling the spider’s web. Specimens of primitive needle- 
work are abundant in which this openness is secured in various ways, 
The “fine-twined linen,” the “nets of checker-work,” and the “em- 
broidery” of the Old Testament, are examples. This ornamental 
needle-work was early held in great esteem by the Church, and was 
the daily employment of the convent. For a long time the art of 
making it was a church secret, and it was known as mnns’-work. 
Even monks were commended for their skill in embroidery. 

A kind of primitive lace, in use centuries ago in Europe, and speci- 
mens of which are still abundant, is called ent-work. It was made in 
many ways. Sometimes a network of threads was arranged upon a 
small frame, beneath which was gummed a piece of fine cloth, open, 
like canvas. Then with a needle the network was sewed to the cloth, 
and the superfluous cloth was cut away; hence the name of cut-work. 
Another lace-like fabric of very ancient date, and known. as drawn- 
work, was made by drawing out a portion of the warp and weft 
threads from linen, and leaving a square network of threads, which 
were made firm by a stitch at each corner of the mesh. Sometimes 
these netted grounds were embroidered with colors. 

Still another ancient lace, called “ darned-netting,” was made by em- 
broidering figures upon a plain net, like ordinary nets of the present 
day. Lace was also formed of threads, radiating from a common centre 
at equal distances, and nnited by squares, triangles, rosettes, and other 
geometrical forms, which were worked over with a button-hole stitch, 
and the net thus made was more or less ornamented with embroidery, 
Church-vestments, altar-cloths, and grave-cloths, were elaborately dec- 
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erated with it. An eye-witness of the disinterment of St. Cuthbert in 
the twelfth century says: “There had been put over him a sheet 
which had a fringe of linen thread of a finger’s length; upon its sides 
and ends was woven a border of the thread, bearing the figures of 
birds, beasts, and branching trees.” This sheet was kept for centu- 
ries in the cathedral of Durham as a specimen of drawn or cut work. 
Darmed-netting and drawn and eut work are still made by the peasants 
in many countriés. ; 

The skill and labor required in the production of these ornamental 
tissues gave them immense value, and ouly kings and nobles were able 
to buy them. But, as this kind of manufacture was encouraged and 
rewarded by the courts, it reached great perfection centuries ago. A 
search among court records, and a study of old pictures and monu- 
mental sculptures, show that it was much worn in the fifteenth cen- 
tury; but it was not known as lace. The plain or figured network 
which we call lace was for a long time called passement, a general 
term for gimps and braids as well as lace, and this term continued in 
use till the middle of the seventeenth century. 

Lace was not only known and worn in the fifteenth century, but 
its manufacture at that time was an important industry in both Italy 
and Flanders (Belgium) ; while in the sixteenth and seventeenth centu- 
ries it was extensively made in all the leading countries of Europe. 
Two distinct kinds of lace were made by two essentially different 
methods. One was called point-lace, and was made with the needle, 
while the other was made upon a stuffed oval board, called a pillow, 
and the fabrie was hence called pillow-lace. “ On this pillow a stiff 
piece of parchment is fixed, with small holes pricked through to work 
the pattern. Through these holes pins are stuek into the cushion.’ 
The threads with whieh the lace is made are wound upon ‘ bobbins,’ 
small, round pieces of wood, about the size of a peneil, having around 
their upper ends a deep groove on which the thread is wound, a sepa- 
rate bobbin being used for each thread. By the twisting and crossing 
of these threads the ground of the lace is formed.” The pattern is 
made by interweaving a much thieker thread than that of the ground, 
according to the design pricked ont on the pattern. 

The making of plain lace-net upon the pillow is thus described: 
“Threads are hung round the pillow in front, each attached to a bob- 
bin, from which it is supplied and acting asa weight. Each pair of 
adjacent threads is twisted three half-turns by passing the bobbins 
over each other. Then the twisted threads are separated and crossed 
over pins on the front of the cushion in a row. The like twist is then 
made by every adjacent pair of threads not before twisted, whence 
the threads become united sideways in meshes. By repeating the 
proeess the fabric gains the length and width required.” 


' Sometimes lace-makers who were the wives of fishermen, not being able to buy pins, 
used the bones of fish as substitutes. Hence the term bone-lace. 
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Fig, 1 —VALENCIENNES Laprer. Lighteenth Century. 
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Lace consists of two parts: a network ealled the growed, and the 
pattern traced upon it, sometimes called the flower, or gimp (Fig. 1). 
In modern Jace we may easily distinguish the ground and pattern, 
but im the older laces the flowers are not wrought upon a network 


Fig. 2.—Jlonrron Guirune. 


ground, bnt are connected by irregular threads, overcast with button- 
hole stitch, and sometimes fringed with loops. These connecting- 
threads, called © brides,” are shown in Fig. 2. 

The network ground is known by the Freneh term réseay. It 
is sometimies called entodlage, on account of its containing the todle 


526 THE POPULAR SCIENCE MONTHLY. 


flower or ornament, which resembles linen, and is often made of linen 
thread. The terms fond and champ are also applied to it. 

The ornamental pattern is sometimes made with the ground as n 
Fig. 3, or separately, and then worked in or sewed on (appliqué), Pig. 4. 
The open-work stitches seen in the pattern are called modes, jours, or 
* fillings.” 

All lace has two edges, the “footing,” a narrow lace which serves 
to keep the stitches of the ground firm that it may be sewed to the gar- 
ment upon which it is to be worn (Fig. 3); and the “ pearl,” picot, 
couronne, a row of little points or loops at equal distances at the free 
edge as shown in the figures. 

The manufacture of point-lace was brought to the highest perfec- 
tion by the Venetians as early as the sixteenth century. The pattern- 
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Fig. 3.-VALENCIENNES LACE oF YPRES. 


books of that time contain examples of more than a hundred varieties 
of this costly lace. Some of these points were world-renowned for 
their fineness and exquisite heauty. Point de Venice, en relief, is the 
richest and most complicated of all laces. It is so strong, with its 
tiers upon tiers of stitches, that some of it has lasted for centuries. 
All the outlines are in high-relief, and innumerable beautiful stitches 
are introduced into the flowers. Italian influence under the Valois 
and Medicis spread the fashion for rich laces, and the Venetian points 
were in great demand in foreign countries, particularly in France, 
The exportation of costly laces was a source of great wealth to Venice. 
The making of lace was universal in every houschold, and the secret 
of the manufacture of her finest points she jealously guarded. Al- 
though both point and pillow lace were made at this time in all the 
leading countries of Europe, Flanders was the only rival of Italy in 
the markets of the world. 
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During the sixteenth century there was the most extravagant use 
of lace by the court of Franee. In 1577, on a state occasion, the king 
wore four thousand yards of pure gold lace on his dress, and the ward- 
robe accounts of the queen are filled with entries of point-lace. Such 
was the prodigality of the nobility at this period in the purchase of 
lace that sumptuary edicts were issued against it, but ediets failed to 
put down Venetian points; protusion in the use of lace only inereased. 
The consumption of foreign lace and embroidery was unbounded. 
Immense sums of money found their way annually from France to 
Italy and Flanders for these costly fabrics, As royal commands were 
powerless against the artistic productions of Venice, Genoa, and Brus- 
sels, it was determined by Colbert, the French minister, to develop the 
lace-manufaecture in France, that the money spent upon these Inxuries 
might be kept within the kingdom. Skillful workmen were suborned 
from Venice and the Low Countries, and placed around in the existing 
manufactories and in towns where new ones were to be established. 


Fig. 4.—OLp Honiton APPLICATION. 


A declaration of August 5, 1665, orders “the manufacture of all 
sorts of works of thread, as well of the needle as on the pillow, in the 
manner of the points which are made at Venice and other foreign 
countries, whieh shall be called ‘points de France.’” In a few years 
a lnerative manufacture was established which brought large sums 
into the kingdom. Point de France supplanted the points of Venice 
and Flanders, and France became a lace-making as well as a lace- 
wearing country. 

The manufacture of the most sumptuous of the points de France 
was established by the minister at the town of Alencon, near his resi- 
dence. Venetian point in relief was made in perfection in this place 
before his death, 1683. In all the points of this century the flowers 
are united @ bride (Fig. 2), but in the eighteenth century the net- 
work ground was introduced, and soon became universal. The name 
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point de France for French point-lace was after a time dropped, and 
the different styles took the name of the towns at which they were 
made, as point d@’Alengon and point d’Argentan, 

“Point d’Alengon is made entirely by hand with a fine needle, 
upon a parehment pattern, in sinall pieces, afterward united by invisi- 
ble seams. Each part is executed by a special workman. The design, 
engraved upon a copperplate, is printed off in divisions upon pieces 
of parchment ten inches long, and numbered in their order. Green 
parchment is now used, the worker being better able to detect faults 
in her work than on white. The pattern is next pricked upon the 
parehment, which is stitched to a piece of very coarse linen folded 
double. The outline of the pattern is then formed by two flat threads, 
whieh are guided along the edge by the thumb of the left hand, and 
fixed by minute stitches, passed with another thread and needle 
through the holes of the parehment. When the outline is finished, the 
work is given over to the maker of the ground, which is of two kinds, 
bride and réseau. The delicate réseau is worked backward and for- 
ward from the footing to the picot. For the flowers the worker sup- 
plies herself with a long needle and a fine thread; with these she 
works the button-hole stitch (potné noué) from left to right, and, when 
arrived at the end of the flower, the thread is thrown back from the 
point of departure, and she works again from left to right over the 
thread. This gives a closeness and evenness to the work unequaled in 
any other point. Then follow the modes and other operations, so that 
it requires twelve different hands to complete it. The threads which 
unite linen, Jace and parchment are then severed, and all the segments 
are united together by the head of the establishment. This is a work 
of the greatest nicety.” From its solidity and durability Alencon has 
been called the Queen of Lace. 

The manufacture of Alengon lace had greatly declined even before 
the Revolution, and was almost extinct when the patronage of Napo- 
leon restored its prosperity. On his marriage with the Empress Marie 
Louise, among other orders executed for him was a bed furniture— 
tester, curtains, coverlet, and pillow-cases, of great beauty and rich- 
ness. The pattern represented the arms of the empire surrounded by 
bees. Fig. 5 is a piece of the ground powdered with bees. The dif- 
ferences of shading seen in the ground show where the separate bits 
of lace were joined in the finishing. With the fall of Napoleon this 
manufacture again declined, and, when in 1840 attempts were made 
to revive it, the old workers, who had been specially trained to it, had 
passed away, and the new workers could not acquire the art of making 
the pure Alengon gronnd. But they made magnificent lace, and Na-_ 
poleon III. was magnificent in his patronage of the revived manufact- 
ure. One flounce worth 22,000 franes, which had taken thirty-six 
women cighteen months to finish, appeared among the wedding-pres- 
ents of Kugénie. In 1855 he presented the empress with a dress of 
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Alencon point which cost 70,000 franes ($14,000). Among the orders 
of the emperor 111856 were the cnrtains of the imperial infant’s cradle, 
of needle-point, and a satin-lined Alencon coverlet ; christening robe, 
mantle, and head-dress, of Alencon; twelve dozen embroidered frocks 
profusely trimmed with Alencon; and lace-trimming for the aprons 
of the imperial nurses. The finest Alengon point is now made at 
Bayeux. 

Argentan is another town in France celebrated for its point-lace, 
which was not inferior in beanty to that of Alencon. The flowers of 


Fig. 5.—ALENgoN BED MADE FOR NAPOLEON I. 


point d’Argentan, as seen in Fig, 6, are large and bold, in high-rclief, 
on a clear compact ground, with a large, six-sided mesh, This ground 
was made by passing the needle and thread around pins pricked into 
a parchment pattern, and the six sides were worked over with seven or 
eight button-hole stitches on each side. It is called the grande bride 
ground, and is very strong. 

While it is clear that France derived the art of making Alencon 
point from Italy, yet, along with all the countrics of Northern Europe, 
Germany, and England, she is in the main indebted to Flanders for 
her knowledge of the art of lace-making, Flanders, as well as Italy, 
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claims the invention of Jace, and, notwithstanding its glorious past, 
the Jaee-trade of Belgium is now as flourishing as at any former pe- 


lig. 7. 


riod. Brussels lace is widely known as point @tigleterre, for the 
reason, it is said, that in the seventeenth century the English, after 
vainly attempting to establish its manufacture at home, bought up 
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the finest laces of the Brussels market, smuggled them over to Eng- 
land, and sold them as English point (Figs. 7 and 8). 

The smuggling of lace is a very important and interesting feature 
in its history. From 1700 downward we are told that in England the 
prohibition of lace went for nothing. Ladies would have foreign lace, 
and if they could not smuggle it themselves the smuggler brought it 
to them. “Books, bottles, babies, boxes, and umbrellas, daily poured 
out their treasures.” Everybody smuggled. 

“ At one period much lace was smuggled into France from Bel- 
ginm by means of dogs trained for the purpose. A dog was caressed 
and petted at home, fed on the fat of the land, then, after a season, 
sent across the frontier where he was tied up, half starved, and ill- 
treated. The skin of a bigger dog was then fitted to his body, 
aud the intervening space filled with lace. The dog was then allowed 
to escape, and make his way home, where he was kindly welcomed, 
with his contraband charge. These journeys were repeated till the 
French custom-house, getting scent, by degrees put an end to the 
traffic. Between 1820 and 1836, 40,278 dogs were destroyed, a reward 
of three francs being given for each.” 

The thread used in Brussels lace is of the first importance. It is 
of extreme fineness, and the best quality, spun in underground rooms 
to avoid dryness of the air, is so fine as to be almost invisible. The 
room is darkened, and a background of dark paper is arranged to 
throw out the thread, while only a single ray of light is admitted, 
which falls upon it as it passes from the distaff. The exquisite fine- 
ness of this thread made the real Brussels ground so costly as to pre- 
vent its production in other countries. A Scotch traveler, in 1787, 
says that “at Brussels, from one pound of flax alone, they can manu- 
faeture to the value of seven hundred pounds sterling.” 

Jn former times, the ground of Brussels lace was made both by 
needle and on the pillow. The needle-ground was worked from one 
flower to another, while the pillow-ground was made in small strips 
an inch wide, and from seven to forty-five inches long, It required 
the greatest skill to join the segments of shawls and large pieces of 
lace. The ncedle-ground is three times as expensive as the pillow, for 
the needle is passed four times into each mesh, but in the pillow it is 
not passed at all, Machinery has now added a third kind of ground, 
called tulle, or Brussels-net. Since this has come into use, the hand- 
made gronnd is seldom nsed except for royal trousseaux. The flow- 
ers of Brussels lace are also both needle-made point d Paiguille and 
those of the pillow ‘point plat.” In the older laces the plat flowers 
were worked in along with the ground, as lace appliqué was unknown 
(Figs. 7 and 8). 

Each process in the making of Brussels lace is assigned to a differ 
ent hand, The first makes the vrai réseau; the second the footing ; 
the third makes the point @ Paiquille flowers ; the fourth, the plat 
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flowers; the fifth has charge of the open-work (joves) in the plat; the 
sixth unites the different pieces of the ground; and the seventh scws 
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the flowers upon the ground (application). The master prepares the 
pattern, selects the ground, and chooses the thread, and hands all 
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over to the workman, who has no responsibility in these matters. 
“The lace industry of Brussels is now divided into two branches, the 
making of sprigs, either point or pillow, for application upon the net- 
ground, and the modern point gaze. The first is the Brussels lace, 
nar excellence, and more of it is produced than of any other kind. Of 
late years it has been greatly improved by mixing point and pillow- 
made flowers. 

Point gaze is so called from its gauze-like needle-ground, ford 
gaze, comprised of very fine, round meshes, with needle-made fiow- 
ers, made simultaneously with the ground, by means of the same 
thread, as in the old Brussels. It is made in small pieces, the joining 
concealed by sprigs or leaves, like the old point, the same lace-worker 
making the whole strip from beginning to end. Point gaze is now 
brought to the highest perfection, and is remarkable for the precision 
of the work, the variety and richness of the jours, and the clearness 
of the ground. It somewhat resembles point d’Alencon, but the work 
is less elaborate and less solid. Alencon laee, tt is said, could uot 
compete with Brussels in its designs, which are not capiell from Na- 
ture, while the roses and hovevenellas of the Brussels lace are wor- 
thy of a Dutch painter. When flowers of both pillow and needle- 
lace are marked npon the “fond gaze it is erroncously called point de 
Venice.” 

Lace-making is at present the chief sonree of national wealth in 
Belgium. It forms a part of female education, and one-fortieth of the 
entire population (150,000 women) are said to be engaged upon it. 

But some of the pillow-laces have had immense popularity as well 
as those of the needle. Fig. 1 is a beautiful example of the pillow- 
lace made at Valenciennes in the eighteenth century. 

This kind of lace was first made in the city of Valenciennes, and 
the manufacture reached its height in that town about 1780, when 
there were some 4,000 lace-makers employed upon it; but fashion 
changed, lighter laces came into vogue, and in 1790 the lace-workers 
had diminished to 250. Napoleon made an unsuccessful attempt to 
revive the manufacture, and in 1851 only two lace-makers remained, 
and they were over eighty years old. At one time this manutacture was 
s0 peculiar to the place that it was said, “if a piece of laee were be- 
gun at Valenciennes and finished outside the walls, the part not made 
at Valenciennes would be visibly less beautiful and less perfeet than 
the other, though done by the same lace-maker with the same thread 
and pillow.” The city-made lace was remaykable for its richness of 
design, evenness, and solidity. It was known as the “beautiful and 
everlasting Valenciennes,” and was bequeathed from mother to daugh- 
ter like jewels and furs. It was made by young girls in underground 
rooms, and many of these workers are said to have become almost 
blind before they were thirty years of age When the whole piece 
was done by the same hand the lace was thought much more valuable. 
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Valenciennes lace was made in other towns of the province, but 
“yvraie Valenciennes” only at Valenciennes. The Lille makers, for 
instanee, would make from three to five ells a day (an ell is forty-eight 
inches), while those of Valenciennes would make not more than an 
inch and a half in the same time. Some lace-makers made only twen- 
ty-four inches ina year; hence the costliness of the lace. Modern 
Valenciennes is far inferior in quality to that made in 1780, 

The manufacture is now transferred to Belgium, to the great com- 
mercial loss of France, for it is the most widely consumed of any of 
the varieties of lace. It is the most important of the pillow-laces of 
Belgium. Yprés, which is the ehief place of its manufacture, began 
to make this lace in 1656, In 1684 it had only three forewomen and 
63 lace-makers, while in 1850 it numbered from 20,000 to 22,000, 
The Valenciennes of Yprés (Fig. 3) is the finest and most elaborate 
of any that is now made. On a piece not two inches wide, from 200 
to 300 bobbins are employed, and for greater widths 800 bobbins are 
sometimes used on the same pillow. The large, clear squares of the 
ground eontrast finely with the even tissue of the patterns. The 
Yprés manufacture has greatly improved since 1833, and has reached 
a high degree of perfection. Irish Valenciennes closely resembles 
the Yprés lace. Valeneicnnes lace as fine as that of France was at 
one time made in England (Fig. 9). 


Fig. 9.—VALENCIENNES, NORTHAMPTON, ENGLAND. 


Mechlin is a fine, beautiful lace, made in one picce on the pillow, 
and is distinguished by the flat thread which forms its flower. Be- 
fore 1665 all pillow-lace, of which the pattern was relieved by a flat 
thread, was known as Mechlin lace. “It is essentially a summer lace, 
not becoming in itself, but charming when worn over color,” 

Silk laces were first made about 1745. At first this new fabrie was 
manufactured from silk of the natural color brought from Nanking 
and it was hence ealled blonde. After a time, however, it was pre- 
pared from the purest and most brilliant white silk, “Not every 
woman can work at the white lace. Those who have what is locally 
termed the haletne grusse (greasy breath) are obliged to confine them- 
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selves to black.” ‘To preserve purity of color it is made in the open 
air in summer, and in winter in the lofts over cow-houses, as the 
warmth of the animals enables the workers to dispense with fire, 
which makes more or less smoke. The most beautiful blondes were 
once made at Caen, but competition with the machine-made blondes 
of Calais and Nottingham has caused the manufacture of white blonde 
to be abandoned at this place, and its lace-makers now confine them- 
selves to making black lace. 

The mannfacture of black-silk lace was first established in the 
town of Chantilly, near Paris, and hence, wherever this fabric is now 
made, it is called “ Chantilly lace.” It is always made of a lustreless 
silk, called “ grenadine,” which is commonly mistaken for thread. As 
it was only consumed by the nobility, its unfortunate producers be- 
came the victims of the Revolution of 1793, and perished with their 
patrons on the scaffold. This put an end to the manufacture for many 
years; but in 1835 black lace again became fashionable, and Chantilly 
was once more prosperous. But the nearness of Chantilly to Paris 
has, of late, increased the price of labor so much that the lace-inannu- 
facturers have been driven away. The so-called Chantilly shawls are 
now made at Bayeux. The shawls, dresses, and scarfs, that are still 
made at Chantilly are mere objects of luxury. 

The black laces of Caen, Bayenx, and Chantilly, are identical, 
The shawls, dresses, flounces, veils, etc., are made in strips and united 
by a peculiar stitch, Great pains are taken in Baycux in the instruc- 
tion of lace-makers, so that the town now leads in the manufacture of 
large pieces of black lace. Fig. 10 represents a sample of this lace 
of the finest quality and of rich design. 

Each country has finished its special style of lace—Italy its 
points of Venice and Genoa; Flanders its Brussels, Mechlin, and 
Valenciennes; France its point d’Alencon and its black lace of Ba- 
yeux. England has also produced its unique Honiton, und Spain its 
silk blondes, Each of these laces is made in other countries, but in 
its characteristic lace each nation is unrivaled. 

Honiton lace, the only original English lace of importance, was 
first made at Honiton, in Devoushire, in the seventeenth century. 
The art of lace-making is said to have been brought into England 
by Flemish refugees, and Ioniton lace long preserved an unmis- 
takable Flemish character. It is to its sprigs that it owes its repu- 
tation, They are made separately, and at first they were worked in 
with the pillow-ground; afterward they were sewed on, as shown in 
Fig. 4, which is a sample of the Honiton of the last century. The net 
is very beautiful and regular. It is made of the finest thread, brought 
from Antwerp at a cost of $350 per pound. There was no thread to 
be found in the British Islands fit for the purpose. Cotton thread, 
perhaps, might be had, but not the linen thread necessary in a work 
requiring so much labor, which alone would make it very costly. 
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The manufacture of a piece of net lke this, eighteen inches square, 
cost $75, and a Honiton veil often cost a hundred guineas. 

At the time of the marriage of Queen Victoria, the manufacture of 
Honiton lace was so depressed that it was with difficulty the neces- 
sary number of lace-workers could be found to execute the wedding 


Fic. 10.—BLack Lace oF BAYEUX 


lace. Her dress cost £1,000, and was composed entirely of Honiton 


sprigs, connected on the pillow by a variety of open-work stitches, 
Fig. 11 is one of the honeysuckle sprigs from a flounce afterward 
made for her Majesty. “The bridal dresses of their royal high- 
nesses the Princess Royal, the Princess Alice, and the Princess of 
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Wales, were all of Honiton lace, the patterns consisting of the na- 
tional flowers, the latter with prince’s-feathers mtermixed with ferns, 
and introduced with the most happy effect.” These sprigs are jomed 
with the needle by various stitches, forming Honiton guipure, Fig, 2, 
which, in richness and delicaey, is by many thonght to surpass the fine 


Fig. 11.—HonEYSUCKLE SPRIG OF MopERN HoniTon. 


gnipure of Belgium, known as duchesse lace. “The reliefs are em- 
broidered with the greatest delicacy, and the beauty of the workman- 
ship is exquisite.” 

Valenciennes and Mechlin were the first laces in which the ground 
was wrought in one piece with the design. Until this time all lace 
had been guipure—that is, it had consisted of open embroidery, in 
which the figures were connected by brides without any thing like a 
background. The network ground, which we now take to be the es- 
sential thing in lace, was not thought of till the end of the seven- 
teenth century. The word yeépure means a thick cord over which 
silk, gold, or silver thread, is twisted. In the seventeenth century 
this guipure, or guipé, was introduced into lace to imitate the high- 
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reliefs of needle-made points. These were guipure laces. The name 
has since been applied to all laces without grounds that have the pat- 
terns united by brides. The bold, flowing figures of Belgium and 
Italy, joined by a coarse network gronnd (Fig, 12), are also ealled 
guipure, 

The guépere called Cliny, with its geometrical patterns, is a re- 
cent lace which derives its name from the circumstance that the first 
patterns were copied from specimens of old lace in the Musée de 
Cluny. 

Thus far we have only spoken of hand-made Jace, which, in Italy, 
was a purely domestic industry, It was made by women at home, 


Fic. 12.—Gurrvre. Seventeenth Century. 


and each picce of work was begun and finished by the same hand. 
But, when the statesman Colbert introduced the mannfacture into 
France, the principle of the division of labor was adopted, and the 
work was done in large factories. By degrees, as we have seen, fine 
necdle-made net replaced the bride-ground in costly laces, and cheaper 
laces of the same style were made upon the pillow. The sprigs were 
at first worked into the net; but at length, in the Valenciennes and 
Mechlin laces, the figure was made along with the ground, and it was 
the immense success of these laces which led to the invention and 
perfection of lace-machines, so that now almost every kind of lace is 
made by machinery, and often so perfect that it is difficult for experts 
to detect the difference. 
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“The number of new mechanical contrivances to which this branch 
of mannfacture has given rise is altogether unparalleled in any other 
departinent of the arts.” It was in 1764, a little more than a hundred 
years ago, that pillow-made net was first imitated by machinery. It 
was called frame-looped net, and was made by using one thread, as in 
hosiery, and, like hosiery, the lace would ravel when this thread was 
broken. The machine was, in fact, a modification of the stocking- 
frame. It was so much improved from time to time that net with 
six-sided meshes could be made, which, when stiffened, looked like 
cushion-net, but when damp it would shrink like crape. 

Another machine was devised for making lace, called the warp- 
frame. The lace made by it, like the former, consisted of looped 
stitches, but a solid web was produced, which could be cut and sewed 
like cloth. In 1795 lace open-work was made by this machine, and 
soon afterward durable and cheap figured laces, in endless variety. 
“The lightest gossamer blond silk laces, cotton tattings and edgings, 
antimacassars and doyleys, threaded and pearled, are finished in this 
loom, and are the pioneers of higher-priced lace articles throughont 
the world. In 1810 there were four hundred warp-looms at work 
making the lace called Mechlin-net, and using cotton yarn costing fif- 
teen guincas the ponnd.” 

But the most important step ever taken in the making of lace was 
the invention of the bobbin-net machine. Until this invention ma- 
chine-lace was, for the most part, only a kind of knitting that had to 
be gummed and stiffened to give it the solidity of net. The great prob- 
lem of the time was how to imitate pillow-made net by machinery. 
Numerous attempts to do this were made by smiths, weavers, and 
lace-makers. Much inventive talent was vainly spent, and many men 
of genius fell into poverty through their prolonged and unreqnited 
efforts to construct the required machine. Insanity and self-destruc- 
tion had ended the careers of some, and disappointment and misfortune 
befell them all, until at last the idea of such a machine was regarded 
as visionary—it was classed with the perpetual motion. 

John Heatheote, the inventor of the bobbin-net machine, was born 
in 1783. In yonth he was remarkable for his quick acquisition of 
knowledge, his thonghtful intelligence, and quiet deportment. He 
was carly placed at the hosiery manufacture, and at the age of sixteen 
he conceived the idea of constructing a machine to make lace. In 
1804 he was at work as a journeyman at Nottingham, and is thus de- 
scribed by his employer: “lleathcote showed that he had already at- 
tained to a thorough knowledge of mechanical contrivances; was in- 
ventive and persevering; undaunted by difficulties or mistakes and 
consequent ill-success; patient, self-denying, and very taciturn. But 
he expressed surprising confidence that, by the application of mechani- 
cal principles to the construction of a twist-net machine, his efforts 
would be crowned with success.” Being determined to construct a 
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machine for making twisted and traversed net,’ he removed to a place 
where he could secure privacy and the constant sight of lace-making 
upon the pillow. During the time between 1865 and 1808 he perfected 
and patented his first machine, by which he could make a breadth of 
traversed and twisted net three inches wide. It was pronounced by 
Lord Lyndhurst “the most extraordinary machine ever invented ; but 
he at once broke it up, and in 1809 patented another, which would 
make a wider net and had many other advantages. 

“Cushion-made net had half the threads proceeding in wavy lines 
from end to end of the piece, and may be represented by warp-threads. 
The other threads, lying between the former, pass from side to side 
by an oblique conrse to the right and left, and may be called weft- 
threads. If the warp-threads could move relatively to the weft-threads 
so as to effect the twisting and crossing, but without deviating to the 
right or left hand, and if the weft-threads could be placed so that all of 
them should effect the twisting at the same time, and one-half of them 
should proceed at each operation to the left and the other half to the 
right hand (a substitute being also provided for the eushion-pins), lace 
would be made exactly as on the cushion.” The machine patented by 


Heathcote secured these results, and increased the production over 
the pillow-worker a thousand-fold. The courses of the threads forming 
the meshes of the bobbin-net frame may be seen in Fig. 13, When 
taken off and extended to their proper shape the meshes have the ap- 
pearance shown in Fig. 14, 

This wonderful machine was produced by the unaided mechanical 
skill of Heathcote; but in constructing it he met with such difficulties 
as led him long after to say that, “if it were to be done again, he 
should probably not attempt to overcome them.” He was only twen- 
ty-six years old when he took the second patent. In 1813 he patented 
various improvements npon it and reduced the number of movements 
necessary to make a row of meshes. The machine of 1809 employed 
sixty movements to make one mesh, which is now done by twelve. 
Jt made one thousand meshes a minute, and only five or six could be 
made by hand. A machine of the present day produces thirty thou- 


? Net in which great numbers of threads were made to twist with or wrap round each 
other, and to traverse, mesh by mesh, through a part or the entire width of the frame. 
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sand in the same time. This industry is said to surpass all others in 
the complex ingenuity of its machinery. 

One of the machines used in its production is said by Dr. Ure to 
be as much beyond the most curious chronometer in multiplicity of 
mechanical device as that is beyond a common foasting-jack, 

In 1811, when prices had fallen, a Vandal association at Lough- 
borough paraded the strects at night with their faces covered, and 
armed with swords and pistols, and, entering the workshops, they 
broke the machines with hammers; twenty-seven machines were de- 
stroyed in Heathcote’s factory. In 1816 fifty-five more were destroyed 


by the same society. Of the eight men who conspired in the attack 
on Heatheote’s factory, six were convicted and hung and two trans- 
ported for life. Heathcote’s loss was estimated at $50,000, which the 
authorities offered to make up to him if he would reéxpend the money 
in the county. This he refused to do, and the result was that he left 
Loughborough and settled at Tiverton, where he remained until his 
death in 1861. Heathcote employed his mechanical skill with un- 
wearied energy in improving the lace-manufacture, From 1824 to 
1843 he was constantly busy with inventions, and he represented Tiv- 
erton in Parhament from 1834 to 1859. 

“ Bobbin-net and lace are cleaned from the loose fibres of the cot- 
ton by the ingenious process of gassing, as it is called, invented by 
the late Mr. Samuel Hall, of Nottingham. A flame of gas is drawn 
through the laee by means of a vacuum above. The shect of lace 
passes to the flame opaque and obscured by loose fibre, and issues 
from it bright and clear, not to be distinguished from lace made of 
the purest Hnen thread, and perfectly uninjured by the flame.” The 
progressive value of a square yard of plain cotton bobbin-net is thus 
stated: In 1809, $25; 1818, $10; 1815, $7.50; 1818, $5; 1821, $3; 
1894, $2; 1827, $1; 1880, 50 cents; 1833, 32 cents; 1836, 20 cents; 
1842, 12 cents; 1850, 8 cents; 1856, 6 cents; 1862, 6 cents. 

Jn 1823, when Heathcote’s patent expired, water and steam power 
had already begun to take the place of hand-labor, and lace-machines 
rapidly increased in numbers. Men of all ranks and professions, cler- 
gymen, lawyers, and doctors, embarked capital in the business, and 
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all Nottingham went mad. Mechanics flocked to the. scene, dwell- 
ings could not be had, and building-ground sold for $20,000 an aere. 
“Thousands of pounds were paid in wages to men who had not seen 
a twist-machine, and tens of thousands for machinery that could never 
repay the outlay. Improvident men rode to their work, stopping for 
drinks of port and claret by the way, and were seen years afterward 
receiving parish pay. When the national frenzy of 1825 collapsed, 
the effect of this local inflation was fearful. Visions of wealth were 
at once dissipated; many in and out of the trade fell into poverty, or 
became exiles, and some destroyed themselves.” 

The extent of the manufacture of lace by machinery in England is 
immense. In 1866 there were 3,552 bobbin and 400 warp machines, 
yielding £5,130,000. here has been no actual census since then, Lut 
in 1872 the returns were certainly not less than £6,000,000. 

In France, in 1851, there were 235,000 eushion-lace makers, produc- 
ing annually £3,000,000, the whole European production in hand- 
made lace being £5,500,000. The bobbim-net machines and warp 
frames are extensively used in France, and twenty years ago there 
were 50 bobbin-net machines in Belgium, making very fine extra 
twist-net on which cushion sprigs are applied. 

The invention of machinery for lace-making, however, has not di- 
minished the consumption of costly hand-made laces, The rich seem 
more eager than ever to obtain the finer products of the needle and 
pillow, insisting that the touch, finish, and beauty, of such laces can 
never be attained by the produets of the lace-frame. On the con- 
trary, the writer was recently assured, by the foreman of a leading 
lace establishment in London, that no hand-made ground could com- 
pare in beauty and perfection of workmanship with some of the ex- 
quisite grounds now made by machinery. 


OUR GREAT AMERICAN UNIVERSITY. 


BOUT five years ago we decided to found a new college. At 
that time our denomination had but seven'in the State, not one of 

them first elass, all beggarly, and the nearest fifty miles away. Broth- 
er A alone demurred to the project, but, as he was more noted 
for mere abstract scholarship than for practical attainments, his objec- 
tions were easily set aside. He thought it would be very unwise to 
establish another institution of learning, on the ground that the prev- 
alent division of forces tended to lower educational standards; and he 
held that we onght rather to concentrate our energies upon schools 
already in existence and struggling to get along. We, on the other 
hand, urged the desirability of multiplying means of edueation, If 
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one college is a good thing, surely two must be twice as good, and so 
on, indefimtely. Why, then, should we not have a college of our 
own, and train up our young men at home, instead of sending them 
away to institutions established in distant places for the gratification 
of wretehed local pride? Besides, the nearest university to us was 
that hot-bed of infidelity founded by the State, and there was great 
danger lest our youth should go there and become corrupted. Such a 
catastrophe must be prevented at all hazards. 

But one arguneut influenced us above all others, and was, in fact, 
unanswerable: we had in onr midst a yery prominent man, the Hon. 
Magnus Virtue, who, after accumulating a large fortune in the manage- 
ment of a distillery, had lately retired from business, and joined my 
ehureh. Out of the goodness of his heart, and encouraged by my 
exhortations, he decided to beeome a public benefactor, and aceord- 
ingly offered us $20,000 for the foundation of a great college to be 
called by his ever-to-be-revered name. Here, then, was an opportn- 
nity which we ought not to neglect. Twenty thonsand dollars was a 
most munificent gift, and would found an institution better endowed 
at the start than any of our near rivals, except perhaps the political 
abomination already mentioned. Twenty thousand dollars meant a 
fine building; and surely students’ fees would suffice for the expenses 
of running, As for libraries, apparatus, ete., we could easily rely upon 
donations and bequests which would, of course, come pouring in upon 
us as soon as we were well established. 

So we organized a board of trustees, procured a charter, and set to 
work under the title of “Virtue University.” This, we thought, had 
a grander sound than “ Virtue College,” and we well knew how much 
the publie is influenced by names. Shakespeare’s absurd statement 
about the odor of a rose is contradicted by universal experience. 

The first great task before us was, plainly, the erection of a build- 
ing; and this involved the choice of a site. Here we were very for- 
tunate. One of my parishioners, a noted real-estate broker, happened 
to own a worn-ont farm some two miles from town, and was anxious 
to bring it into market. He was a man who clearly recognized the 
duty of casting his bread upon the waters whenever a fair prospect 
of speedy return with interest was discernible; and so he presented 
us with five acres of said land, situated on the top of a steep bluff a 
quarter of a mile from the nearest road. The gift, of course, adver- 
tised the rest of his estate, which he at once cut up into building-lots, 
and sold at a handsome profit. He got his money, and we got our 
site, so both were satistied. Far be it from me to impugn or even to 
suspect his motives. Of course, our building was begun without delay. 

Meanwhile we went vigorously to work manipulating the news- 
papers, both secular and religious. Every weck we eansed some item 
to appear concerning the progress and prospects of “Our Great 
American University.” Rumors of expected bequests, and specnla- 
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tions about the Faculty were continually fiuding their way into print. 
Our university was to be a model to all other institutions. Although 
coutrolled by our denomination, it was to have uo sectarian bias; its 
policy should be conservatively Itberal; morally, mtellectually, and 
wsthetically, it might be regarded as the culmination of our American 
school-system. Men of national reputation and the greatest ability 
were to fill professors’ chairs; thorough instruction eould be expected 
in every department; languages, literatures, sciences, philosophy, and 
art, would occupy the time of the students who were sure to flock in 
from all parts of the country, We hoped to eclipse all the colleges 
of America, and even to rival the greatest universities of the Old 
World. Statements like these, capable as they were of great latitude 
in interpretation, served the double purpose of interesting the general 
public, and of keeping up our own enthusiasin. 

at last our building was finished—a splendid brick structure with 
a French roof, a tower, and a belfry. Even a New York architect, 
who visited our town, expressed his wonderment and surprise at it. 
Of course we were proud of our work, but that pride was lessened 
when we discovered that the $20,000 was all expended. The build- 
ing had absorbed it completely, and half as much again; so here we 
were, at the end of our tether, with a fine pile of brick-and-mortar, no 
money, aud a very handsome debt. What was to be done? Our trus- 
tees met, and, since most of them were clergymen, this question was 
promptly answered. We must appeal to the public. We did so— 
begged vigorously on weck-days, took up a collection on Sundays, 
and, in the course of a month, managed to raise about $3,000. This 
went to the builder, who, for the rest of his claim, generously ac- 
cepted a mortgage bearing eight per cent. interest. 

This unfortunate matter rather cast a damper upon our spirits, but 
still we were determined to go along. Tere was a debt upon which 
interest must be paid, and how could we pay it except by opening the 
university and deriving some income from students? We expected 
500 students at $50 per annum each, making $25,000 a year to begin 
with, exclusive of gifts and bequests. We could allow $2,000 a year 
for interest and sinking-fund, $8,000 for incidental expenses, and all 
the rest might go to pay instructors. Seven professors, at $1,800 
apiece, with a president at $2,500, would give us indeed a strong 
Faculty. So we went bravely ahead on the strength of these caleu- 
lations. Adversity only seemed to make our anticipations more 
glowing than ever, Such is the power of faith. 

All this time Brother / , who had, unfortunately, beeome a mem- 
ber of the board, was a thorn in our flesh, and a stumbling-block in 
our path. Not a step was taken without opposition from him; indeed, 
he seemed to consider himself a monitor over all our official actions. 
The conceit of these scholars is amazing! Tle opposed the erection 
of our building as an extravagance, urging that a university needed 
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brains more than mere brick-and-mortar, When we decided to get 
brains, he again aunoyed us, saying that we ought not to employ 
professors until we were sure of our ability to pay them, Such incon- 
sistencics were naturally self-destructive; so we listened politely to 
his wild and extravagant ideas, then quietly ignored whatever he said, 
and did as we had previously determined. Other colleges had tine 
Duildings, contracted debts, and worked ou the sure foundations of 
faith, hope, and (to be received) eharity. We would follow the com- 
mon example, and sueceed. To this Brother A added that other 
colleges sometimes failed, and so might ours; but IJ, for one, could not 
understand the relevancy of the remark, 

So the board agreed, with but one dissenting voice, to appoint a 
Faculty. The next step led to squabbles, Every member had some 
protéyé to provide for; each one desired that certain chairs should 
be established and others omitted—no two could agree altogether. 
First, of course, we decided to choose a president, for a college with- 
out a president would be like a house without a roof. We wonld, 
therefore, appoint a president, and then let him advise us what to do 
next; although taking his advice might be quite another matter. As 
was to be expeeted, Brother A again interfered, saying that a 
president would be a useless expense; that he would merely draw the 
highest salary and do the least work of any member of the Faculty. 
To sustain his arguments he ealled our attention to the faet that the 
German universities have no presidents, whereupon I jocosely re- 
marked that “they could afford no precedent for us.’ With their 
infidel tendencies they are indeed bad exemplars, and it would be a 
great pity if any free American institution should ever copy after them, 

After a long and tedious discussion we at last fixed our choice 
upon a prominent Eastern clergyman, and offered him the splendid 
salary of $2,500 dollars a year. Jlis parish, however, paid him $6,000, 
and so he gratefully declined our proposition. Several other ventures 
resulted in the same way, and thus three months passed with nothing 
accomplished. Finally, the lightning struck in a most unexpeeted 
quarter, and J, the humble writer of these pages, was really chosen 
President of Virtue University. This choice was opposed by Brother 
A with more than his usual bitterness; why, J never could quite 
understand. He disclaimed all personal feeling in the matter, pro- 
fexsed great esteem for me, and all that sort of thing, but thought I 
was hardly qualified for the place. ILe pointed out that Thad had no 
‘experience in educational affairs; that Twas a graduate, not of a col- 
lege, but only of a theological seminary; and stoutly maintained that 
we ought to choose either a thoroughly-trained edueator or nobody at 
all, Now, it was well known that I had suceessfully, not to say byill- 
iantly, served several terms upon the school commitiee; and also that 
Thad once been chaplain of a small college in the northern part of the 
‘State. These facts, coupled with the shrewd suspicion that Brother 


OUR GREAT AMERICAN UNIVERSITY. 547 


A would like the appointinent for himsclf, gave me the election. 
I at onee entered upon my duties, and began to draw salary, This 
was in May, and the university was to open in September, Mean- 
while, I was to raise money; so, after first giving any views concern- 
ing the Faculty, I started for New York, begeing. In two months I 
contrived to secure 81,500 over my expenses, and then returned in 
ouly a very moderate state of jubilation, Why is it that rich men 
care so little for the cause of edneation ? 

At last the composition of our Faculty was determined, as fol- 
lows: TI, as president, was to teach mental aud moral philosophy, 
logie, and finance. Brother A ironically suggested that perhaps 
Thad better undertake five or six other branches in addition to these, 
but I did not feel like being overworked, For professors we were to 
have one of Latin, a second of Greek, a third of mathematics, a fourth 
of history, a fifth of English literature and rhetoric, a sixth of mod- 
ern languages, and a seventh of chemistry and natural philosophy. 
wAs was to have been expected, Brother A bothered us again, 
urging that, as long as we were determined to appoint professors, we 


onght to do fuller justice to the sciences. But these are comparative- 
ly unimportant, as well as rather unsafe, branches of knowledge (if, 
indeed, they ean be ealled trne knowledge at all), and therefore we 
adhered to the scheme viven above. We did, however, draw up a 
long plan of studies, ineluding every prominent subjeet we ever heard 
of,and in it relegated astronomy, botany, natural history, and geol- 
ogy to the senior year of the college course. They could be taught 
at the proper time without special prefessors, This plan er pro- 
gramme we constructed in the most thorough manner, arranging 
hours for each professor, fixing text-books, and stating in whieh rooms 
eiven recitations should be heard. One of our menibers—it is easy to 
guess who—broaeched the subject of elective studies, but the rest of 
us discountenanced all such experiments. We felt able to arrange a 
better course of studies than any student could devise, and held firmly 
to the idea that what was best for one was best for all. With the 
needs of students after graduation we had nothing to do, As for text- 
looks, not a new one appeared on our list; we chose only such as 
were old and well tried ; that on chemistry, for instance, was the same 
which Thad studied in the Sleepyville Iligh-School thirty years be- 
fore. When our professors arrived they annoyed us a good deal about 
ehanging, but we firmly adhered to our early decisions. The scheme 
of honrs, however, we did have to rearrange, for in practice it would 
not work. We had planned it in such a way that sometimes one pro- 
fessor would have to hear two different classes in different rooms at 
onee; and in other instanees the stndents were required to be simi- 
larly ubiquitous. 

T have already mentioned the fact that the election of professors 
was attended by much dissension in our board. This began, as usual, 
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with Brother A , Whose notions were always of the most unprae- 
tical kind. Je wanted us to employ specialists; men who understood 
thoroughly the branches they professed to teach, aud who would be 
independent of text-books, According to his extravagant idcas, every 
department of knowledge is in rapid growth, and only a man who 
devotes himself assiduously to oue study is able to teach that study 
in accordance with the requirements of modern times. Such nonsense 
as this we repudiated, Anybody of ordinary cdueation and intclli- 
gence ought to be able to teach any subject by simply taking a text- 
book and keeping a lesson or two ahead of the cliss, As for “ad- 
ranced knowledge,” the “requirements of modern times,” and all 
that sort of thing, we distrusted it totally; under such disguises, 
specious and pleasing, dangcrous ideas would be sure to ereep in and 
sap the fonndations of our university. We must have nothing rask 
nor novel in our institution; only well-tried and approved kuowledge 
should be tanght by the prefessors, These must be, tirst, men of 
trained moral character and good denominational standing ; mere fa- 
miliarity with this, that, or the other study, should be a purely sce- 
ondary matter. 

At last, after much ill-feeling all round, our professors were ap- 
pointed, Tour of them were esteemed clergymen of onr denomina- 
tion, who, having failed at preaching, were glad to find some oceupa- 
tion. Thus, in divers ways, does a great university bencfit the human 
race. Another member of the Faculty was a recent graduate of our 
leading theologieal seminary, who accepted a chair until he could find 
a pulpit; two others were lay brethren, We had our greatest diffi 
culty in selecting a professor of chemistry. Several gentlemen ap- 
plied, were discussed, and rejeeted, before we made our final choice. 
One, the special protéyé of Brother A , had just returned from 
Germany, where for three years he iad been studying at Heidelberg 
nnder a certain Prof. Bunsen, who was reputed to be a very great 
man, but of whom we had never before heard, This young man 
bronght strong recommendations, but appeared to be dangerous ; so, 
as he was not a member of our sect, we rejected him, Another we 
were about to eleet, when we discovered that he was @ Darwinian and 
a reader of Tyndall; so he could not by any means be chosen, At 
last we found an apparently harmless young gentleman who had just 
graduated from an Eastern scientific school, and him we made our 
professor. Now a notable event happened. Brother A made a 
suggestion which was actually followed ; namely, that we should buy 
some apparatus and chemicals, We at once voted to spend three 
hundred dollars (recently begged) for fitting up a laboratory, and 
appointed a committee to look after the matter. At the next meeting 
of the board they reported the purchase of an air-pump, a electrical 
machine, some acids, a little phosphorus, a large gas-bag, and sev- 
eral retorts. These being the applianecs most frequently mentioned 
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in general literature, they were undoubtedly the proper things to 
have; and we considered the professor Incky in having them. Broth- 
er uA was, of course, dissatisfied with the whole proceeding. Ie 
thonght that the money should have been placed at the disposal of 
our professor, who knew best how to expend it; and he also grumbled 
beeause our committee had not bought something called a spectro- 
seope, Such an instrument was never heard of in my days, so I sus- 
pected it of sonte ocenlt connection with spiritualism, and expressed 
myself accordingly. What has science to do with speetres? The 
instrnment was never bought. 

Before the university opened, all the moneys collected during my 
Eastern trip, together with minor sums contributed at home, were 
expended, ATL sorts of unforescen expenses kept rising before us. 
There was furniture to buy, of course, and maps, and stationery, and 
hooks. Indeed, a library was indispensable, so we voted to invest a 
thousand dollars in books, and placed this sum in the hands of a com- 
nlittee, of which I was chairman. I think few committees could have 
done better than we did. Many valuable works we obtained very 
eheaply from a second-hand dealer in New York; scarcely a new 
book was purchased. We were especially careful not to get any 
thing which might prove injurious to our young men; not a volume 
of Darwin, Tyndall, or Spencer (except the “Faery Queene”), lias to 
this day found its way upon our shelves. No, indeed! we bought 
good editions of the old pagan anthors, and the works of the early 
fathers, and fall sets of the sermons published by the leading lights in 
our own denomination, We had also a few histories, some of the 
poets, and two or three worn-out schoolbooks upon chemistry and 
natural philosophy, I doubt whether any college in the world could 
show @ more respectable and less dangerous library than the one 
which we collected. 

At length all was ready for opening. Our professors were on 
hand, our bnilding furnished, our money spent. Now for the rush of 
atudents eager to partake of the intellectual feast so cheaply offered 
to them. We had all been very busy drumming wp reernits, snd con- 
filently expected a large class; but only thirty appeared. Ont of 
these, twelve were studying for the ministry, and expected tuition 
free. Only eighteen paying students, yielding us an income of $900 
a year; and this when we had calculated upon §25,000! Why, it 
would pay little more than the interest on onr debt, to say nothing 
of professors’ salaries, In this terrible emergency, the Ton. Magnus 
Virtue again became ow benefactor, T myself went boldly to him, 
and told how we were situated. Said I: “The university bears your 
name; if it fails, yonr reputation will suffer; ‘he that giveth to the 
poor lendeth to the Lord.’?” Ife grumbled a good deal at what he 
ealled our “ wretched mismanagement,” and especially at our extray- 
agance in the matter of teachers’ wages, “Why should we pay a 
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professor nearly $2,000 a year, when he had always been able to get 
plenty of clerks to work in his office for $6007” "Finally, after mach 
arguinent, he gave us $10,000, unaccompanied by his blessing. This 
relieved our cmmbarrassments for the time being, and we went along 
quite swimmingly for the rest of the year. 

1 wonder if there was ever a college whose professors and trustees 
did not occasionally disagree? We certainly liad now aud then & 
equabble to vary the monotony of our Jabors, and were obliged in the 
lhourd more than ouee to reverse decisions ef the Faculty. But our 
chief difficulty was with the chemist, whose ideas upon some subjects 
were, to say the least, extravagant. To begin with: be wanted more 
apparatus, said he conld do nothing with the “meagre” supply we 
had given him, and spoke rather disrespectfully of the committec 
which bought it; he actually referred to certain trustees as “idiots” 
(perhaps meaning Brother A ), Which may have been true, but was 
unquestionably uncivil, It was in vain that I tricd to convince the 
young man of his unrcason; T urged my superior age and expericnee, 


and finally was obliged to ernsl lim by saying, in my most polite 
and dignified manner, that Phad probably studied chemistry before 
he was born, and that my teacher had suceceded brilliantly with ne 
apparatus at all. Te also bothered us for more books; so we gave 
him twenty-five dollars to buy them with, and thus silenced him tor a 
while. ‘That money he actually spent for works in foreign languages 
which neither I nor any student could read, Such isa result of trust- 
ing to the judgment of a professor, Tn the spring our chemist again 
lroke cut in the most absurd manner, Jt so chanced that some of 
onr students had entered in advanced classes, a cireumstance for 
which we failed to previde beforehand, and upon the list of studics 
framed by us they fowud certain branches which they wished to pur 
sue. Among these were the treacherous and valueless natural s¢i- 
ences, for which we lad no professors, It was at once found necessary 
that these things shonld be taught: and who was to teach them but 
the Professor of Chemistry and Natural Philosophy ? We intimated 
to that gentleman that such work devolved upon him, and he objected 
most irrationally, He claimed that his business was to teach ehemis- 
try and physics (as he called natural philosophy, though what that 
branch has to do with medicine [never could see), and refused to wn- 
dertake any thing else. Tfow unreasonable! We only asked him to 
hear a few extra recitations in astronomy, ustural history, physiology, 
botany, and geology, and he must needs object! Tle said that he was 
a chemist, and knew nothing of these other sciences; that each of 
them was the life-wwork of a specialist; aud that no man living was 
competent to undertake even the tenth part of sucha task, As we 
knew perfeetly well that twenty other colleges in the State employed 
men who did precisely what he said no man could do, we insisted ; 
and the upshot was that he resigned. Then the trustees passed an 
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ordinanee to the effect that any professor in the university could te 
called upon to teach any branch, upon penalty of dismissal if he re- 
fused, We were determined that our teachers should be men of broad 
general culture, and not mere narrow specialists. Of course, every 
one of them had studied a variety of branches at school or college, 
and surely any man ought to be able to teach any thing which he him- 
self had ever learned. Brother A objected to our entire proceed- 
ing, but we paid no attention to him, Still, his remarks about “smat- 
terers”? and “educational fraud” could not but be somewhat offensive. 

In the course of the year our university reecived a few minor gifts, 
and at commencement we found ourselves with the debt not very 
much increased, Our teachers were nearly paid, but the treasiwy was 
again empty. Two students graduated; and for them we had grand 
public exercises, which closed with an appeal to the people for sup- 
port. This meant money, and brought in about $500. Upon such 
driblets our institution was obliged to run. We must evidently re- 
trench, and we did so by redueing the number of professors and cut- 
ting down salaries. My own salary was untouched, however; but 
then, instruction in rhetoric and English literature was added to my 
former duties. The professors were to receive $1,000 per annum each, 
instead of the $1,800 paid hitherto, and were to be only three in 
number. These three were of course selected from among the unfor- 
tunate ex-clergymen who served in onr original Faculty. One was to 
teach ancient languages and history; another modern languages and 


history; the third gave instruction in mathematics, political economy, 
and Oriental tongues, The latter item we thonght would look welbin 
our catalogue, and, as the professor had learned Turkish and Arabic 
when a missionary during his youth, we put it in. To be sure, he had 
about forgotten both languages, but, as he was never actually ealled 
upon to teach them, that made little difference. «As for the “natura 
sciences,” we decided to pass them around. For instance: I would 
teach chemistry the first year; then the professor of mathematics was 
to take it; and so on in order through the Faenlty until it eame my 
turn again. Thus we avoided the confusion and annoyance due to 
the presence of a scientific specialist upon our working staf Now 
and then, of course, trifling <lifficulties arose in consequence of our 
unfamiliarity with the minor details of science. For example: our 
classical professor undertook to teach botany the other day, and at- 
tempted to show his students how a flower might be analyzed. He 
selected a buttercup for purpose of illustration, went through his anal- 
ysis, as he thought, according to the book, and made the flower out 
to be a water-lily, His students would have lost confidence in him 
had he not dexterously attributed his error to misprints in the botany } 
But what are such trivial matters in comparison with the great essen- 
tials of education ? 

This reorganization of the Faculty meant the reorganization of the 


552 | THR POPULAR SCIENCE MONTHLY. 


entire university, and two cutirely new features were introduced into 
it. We established a preparatory department under a lady teacher, 
aud we voted to admit female students to all of our classes. The lat- 
ter measure was adopted rather hesitatingly, having been in a sense 
forced upon us by stress of cirenmstances. We must have students 
at any rate, and if we could not get young men we would take young 
ladies. The impropriety of thus mingling the sexes was evident to all 
exeept Brother A , Who alone really favored the step taken; and 
the usclessness of higher edueation to women was also obvious. How 
can women apply Latin aud Greek to their household duties, I shonld 
like to know ? What business have they with mathematies? My own 
wife never leamed these things, and she has been certainly none 
the worse wife to me. But, notwithstanding my apprehensions, the 
dangerous move was made, and in consequence I haye had tribulation 
ever since. Not that any scandal has resulted; not that any wrong 
has been done; our troubles come from a totally different source. 
These pestilent girls are teasing us to teach them all sorts of out-of- 
the-way things: one wants to learn the calculus, of which our mathe- 
matical professor is ignorant; another asks for a laboratory course in 
chemistry such as we are unable to give, and so on. Unhappy for us 
was the day that we permitted our thirteen young women to enter the 
university. They tell tales about us outside, and thus injure our repr- 
tation. We cannot get rid of them, and what are we to do? 

But tronbles like these were trifling in comparison with our anxiety 
upon peeuniary matters. Counting in our new preparatory depart- 
ment we had a few more students than before, but not enough to yield 
us the income we needed. The money-question, then, kept staring us 
in the face, and no measnre we could devise ever quieted it more than 
just temporarily. One move was taken at commencement-time—a 
move due to my remarkable executive genins—which seemed to tide 
us over several months of our trials. We gave the degree of LL.D. 
to every millionaire in our county, and made a number of our popular 
clergymen doctors of divinity. The millionaires took the bait read- 
ily, and all save one gave us handsome sums, varying frem &500 to 
$2,000. The single exception was a retired coal-dealer, who refused 
to aceept the proffered degree, saying that he knew nothing abont 
lawsand did not want to doctor them. Shortly afterward lhe gave 
$50,000 toa distant college, which was already rich, and claimed to be 
undenominational. As for the new D. D.’s, they all exerted them- 
selyes in our behalf, and raised for us a considerable sum of ready 
money. All told, these honorary degrees brought us in nearly $6,000, 
which, together with our student-fees, was all we had to sustain our 
university through its second college-year. 

We are now just entering upon our third season of actual collegi- 
ate work, and tronbles accumulate overus. Our money is gone, our 
students are deserting to other institutions, and, if we bad not faitk 
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in our grand enterprise the future would seem dark indeed, Some of 
the trustees advocate closing temporarily. Brother A has with- 
drawn from the board; Mr. Virtue refuses to do any thing more for 
us; our creditors are proving to be most inveterate duns, and no way 
seems to be open for going ou. Still, we must go on; inaction would 
be fatal. Some rich friend ought to endow us liberally—a great uni- 
versity like ours cannot be permitted to die. In our two opening 
years we have done as much work as did either Yale or Harvard in 
the corresponding periods of their youth; why should we not rise as 
they have risen? We appeal to the publie at large for support—to 
all friends of true education, of high culture, of moral civilization, 
Let it not be said in despotic Europe that Americans cared so little 
for intellectual advancement that they allowed their most promising 
university to fail, Let the rich give us money liberally for the glory 
of the denomination which we represent; others who cannot give 
should send us their sons and daughters to be educated in the trne 
principles of life and the faith of the early fathers, No matter how 
dark the present may appear, the future is bright before us; great 
success ninst eventually attend our labors; unborn generations will 
one day look back and say, “Our ancestors sustained that university 
in its hour of trial, and have transmitted to us the inheritance of its 
greatness.” Statesmen, poets, and chicftains, shall hail our university 


So 
as their ima muter, aud contribute gladly to its glory and its support. 


TIE WARFARE OF SCIENCE, 


By ANDREW D. WHITE, LL.D., 
PRESIDENT OF CORNELL UNIVERSITY. 


Il. 
PASS, now, to fields of more immediate importance to us 
Anatomy and Medicine. 

It might be supposed that the votaries of sciences like these would 
be suffered to eseape attack; unfortunately, they have had to stand in 
the thickest of the battle. 

As far back as the latter part of the thirteenth century, Arnold de 
Villa Nova was a noted physician and chemist. The missile usual in 
euch eases was hurled at him. He was charged with sorcery and deal- 
ings with the devil; he was excommunicated and driven from Spain,’ 

Such seemed the fate of men in that field who gained even a glim- 
mer of new scientific truth, Even men like Cardan, and Paracelsus, 
and Porta, who yielded much to popular superstitious, were at once 


to 


1 Draper, “Int. Dev. of Europe,” p. 421. Whewell, “ Ilist. of the Induct. Sciences,” 
vol. L, p. 2355 vol. vill, p. 36. Frédault, “ Hist. de la Médecine,” vol. 1, p. 204, 
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set upon if they ventured upon any other than the path which the 
Church thought sound—the insufficient path of Aristotelian investiga- 
tion. 

We have seen that the weapons used against the astronomers were 
mainly the epithets infidel and atheist. We have also scen that the 
missiles used against the chemists’and physicians were the epithets 
“sorcercr ” and “leaguer with the devil,” and we have picked up on 
various battle-fields another effective weapon, the epithet “Mohamme- 
dan.” 

On the heads of the anatomists and physicians were concentrated 
al these missiles. The charge of atheism ripened into a proverb: 
“ Ubi sunt tres medici, ibi sunt duo athei.’* Magic seemed so com- 
mon a ebarge that many of the physicians seemed to believe it them- 
selves, Mohammedanism and Averroism became almost synonymous 
with medicine, and Petrarch stigmatized Averroists as “men who 
deny Genesis and bark at Christ.” ? 

Not to weary you with the details of earlier struggles, I will select 
a great benefactor of mankind and champion of scientific truth at the 
period of the Reyival of Learning and the Reformation— Andreas 
Vesalius, the founder of the modern science of anatomy. The battle 
waged by this man is one of the glories of our race.* 

The old methods were soon exhausted by his early fervor, and he 
sought to advauce science by truly scientific means—by paticut inves- 
tigation and by careful recording of results, 

From the outset Vesalins proved himself a master. In the search 
for real knowledge he braved the most terrible dangers, Before his 
time the dissection of the human subject was thought akin to sacrilege. 
Occasionally some anatomist, ike Mundinus, had given some little 
display with such a subject; but, for purposes of énvestigation, such 
dissection was forbidden, Even such men in the early Church as Ter- 


1 Tonorius IIT, forbade medicine to he praetised by archdeacons, deacons, pricsts, ete. 
Innocent UI. forbade surgical operations by priests, deacons, orsub-deacons. In 1243 
Dominicans banished books on medicine from their monasteries. See Daunou cited by 
Buckle, ‘Posthumous Works,” vol. ii, p. 567. For thoughtful and witty remarks on 
the struggle at a recent period, se Maury, “ L’Ancienne Académie des Sciences,” Paris, 
1864, p. 148. Maury says: “La faculté waimait pas a avoir affaire aux théclogiens qui 
procédent par anathé¢mes beaucoup plus que par analyses.” 

2 Renan, “ Averroés et l'Averroisme,” Paris, 1867, pp, 827, 853, 335, For a perfectly 
just statement of the only circumstances which can justify the charge of ‘ atheism,” 
see Dr. Deems’s article in Porvtar Science Monrury, February, 1876. 

3 Whewell, vol. iii, p. 828, says, rather loosely, that Mundinus “ dissected at Bologna 
in 1315.” Tlow different his idea of dissection was from that introduced by Vesalius, 
may he seen by Cuvier’s careful statement that the entire number of dissections by 
Mundinus was three. The usual statement is that itis two. See Cuvier, “ Hist. des Sei. 
Nat.,” tome iii., p. 7; also, Sprengel, Frédault, and IJallam; also, Littré, “Médecine et 
Médecins,” chap. on anatomy. Fora very full statement of the agency of Mundinus in the 
progress of anatomy, sce Portal, “ Ifist. de l’Anatomie et de la Chirurgérie,” vol. i., pp. 
209-216, 
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tullian and St. Aneustine held anatomy in abhorrence.’ Bonitace 
VIL, interdicted dissection as sacrilege? 

Through this sacred conventionalism Vesalins brole without fear. 
Braving ecelesiastical censure and popular fury, he studied his science 
by the only method that could give useful results, No peril daunted 
him. To secure the material for his investigations, he haunted eib- 
bets and charnel-houses; in this search he risked alike the fires of the 
Inguisition and the virus of the plague. First of all men he began to 
place the great science of human anatemy on its solid, modern founda- 
tions—on careful examination and observation of the human body. 
This was his first great sin, and it was soon aggravated by one ecn- 
sidered even greater. 

Perhaps the most unfortunate thing that has evcr been done for 
Christianity is the tying it to forms of science which are doomed and 
gradually sinking, Just as in the time of Roger Bacon, excellent but 
mistaken men devoted all their energies to binding Christianity to 
Aristotle; just as in the time of Reuchlin and Erasmus, they insisted 
on binding Christianity to Thomas Aquinas—so in the time of Vesa- 
lius, such men made every effort to link Christianity to Galen. 

The ery has been the same in all ages; it is the same which we 
hear in this age for curbing scientific studies—the ery for what is 
ealled “sound learning.’ Whether standing for Aristotle against 
Bacon, or Aquinas against Erasmus, or Galen against Wesalius, or 
making mechanical Greek verses at Eton instead of studying the 
handiwerk of the Almighty, or reading Enripides with translations 
instead of Lessing and Gocthe in the original, the cry always is for 
“sound learning.” The idea always is that these studies are safe. 

At twenty-cight years of age Vesalius gave to the world his great 
work on human anatomy. With it ended the old and began the 
new. Its researches, by their thoroughness, were a triumph of sci- 
euce; its illustrations, by their fidelity, were a triumph of art. 

To shield himself as far as possible in the battle which he fore- 
saw must come, Vesalius prefaced the work by a dedication to the 
Emperor Charles V. In this dedicatory preface he argues for his 
method, and against the parrot repetitions of the medieval text- 
books; he also condemns the wretched anatomical preparations and 
specimens made by physicians who utterly refused to advance beyond 
the ancient muster. 

The parrot-like repeaters of Galen gave battle at once. After the 

' For Tertullian and Augustine against anatomical investigation, sce Blount’s “ Essays,” 
cited in Buckle’s “ Posthumous Works,” vol. ii, pp. 107, 108. The passage from St. 
a\ugustine is in ‘© Civ. Dei,” xsii, p. 24. See Abbé Mieno, “ Patrologia,” vol. x1, p. 792. 

? For Boniface VIII. and his interdiction of disscetions, sce Buckle’s “ Posthumous 
Works,” vol. ii, p. 567. For injurious effeets of this ecclesiastical hostility to anatomy 
upon the development of art, sce Woltman, “ Holbein and His Time,” pp. 266, 267. For 
an excellent statement of the true relation of the medical profession to religious ques- 
tions, see Prof. Acland, “ General Relations of Medicine in Modern Times,” Oxford, 1868. 
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manner of their time, their first missiles were epithets; and, the 
almost infinite magazine of these having been exhausted, they began 
to use sharper weapons—weapons theologic. 

At first the theologic weapons failed. A conference of divines 
having been asked to decide whether dissection of the human body 
is sacrilege, gave a decision in the negative. The reason is simple ; 
Charles V. had made Vesalius his physician, and could not spare 
him. Dut, on the accession of Philip IL of Spain, the whole scene 
changed, That most bitter of bigots must of course detest the great 
innovator, 

A new weapon was now forged. Vesalius was charged with dis- 
secting living men,’ and, either from direct persecution, as the grea 
majority of authors assert, or from indirect influences, as the recent 
apologists for Philip IT. allow, Vesalius became a wanderer. On a 
pilgrimage to the Holy Land to atone for his sin, he was shipwrecked, 
and in the prime of his life and strength he was lost to this world. 

And yet not lost. In this century he again stands on earth. The 
painter Tlamann has again given him to us. By the magic of Ha- 
mann’s pencil, we look once more into Vesalius’s cell. Its windows 
and doors, bolted and barred within, betoken the storm of bigotry 
which rages without; the erucifix, toward which he turns his cyes, 
symbolizes the spirit in which he labors, The corpse of the plagne- 
stricken, over which he bends, ceases to be repulsive; his very soul 
seems to send forth rays from the canvas which strengthen us for the 
good fight in this age.’ 

He was hunted to death by men who conscientiously supposed that 
he was injuring religion. His poor, blind foes destroyed one of re- 
ligion’s greatest apostles. What was his influence on religion? He 
substituted for repetition, by rote, of worn-out theories of dead men, 
conscientious and reverent searching into the works of the living 
God. He substituted for representations of the human strnacture— 
pitifnl and unreal—truthful representations, revealing the Creator’s 
power and goodness in every line.’ 

T hasten now to the most singular struggle and victory of medical 
science between the sixteenth and nineteenth centuries. 

Early in the last century, Boyer presented Inoculation as a pre- 
yentive of small-pox, in France; thoughtful physicians in England, 
led by Lady Montagu and Maitland, followed his example. 

Theology took fright at once on both sides of the Channel. The 


1¥For a similar charge against anatomical investigations at a much earlier period, see 
Littré, “ Médecine et Médecins,” chapter on anatomy. 

2 The original painting of Vesalius at work in his cell, by Hamann, is now at Cornelt 
University. 

3 Vor a curious example of weapons drawn from Galen and used against Vesalius, sce 
Lewes, “Life of Goethe,” p. 848, note. For proofs that I have not over-estimated Vesa- 
lus, see Portal, wi sepra, Portal speaks of him as ‘le génic le plus droit gweut [ Eu. 
rope,” and again, “ Vesale me parait un des plus grands hommes qui ait existe.” 
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French theologians of the Sorbonne solemnly condemned the prac- 
tice, English theologians were most loudly represented Ly the Rev. 
Edward Massy, who, in 1722, preached a sermon in which he declared 
that Job’s distemper was probably confluent small-pox, and that he 
had been doubtless inoculated by the devil—that diseases are sent by 
Providence for the punishment of sin, and that the proposed attempt 
to prevent them is “a diabolical operation.” This sermon was enti- 
tled “The Dangerous and Sinful Practice of Inoculation.” Not less 
absurd was the sermon of the Rev, Mr. Delafaye, entitled “ Tnocu- 
lation an Indefensible Practice.” Thirty years later the struggle was 
still going on, It is a pleasure to note one great churchman, Mad- 
dox, Bishop of Worcester, giving battle on the side of right reason ; 
but as late as 1753 we have the Rector of Canterbury denouncing 
inoculation from his pulpit in the primatial city, and many of his 
brethren following his example. Among the most common weapons 
hurled by churchmen at the supporters of inoculation, during all this 
long war, were charges of sorcery and atheism.’ 

Nor did Jenner's blessed discovery of Vaccination escape opposi- 
tion on similar grounds. In 1798 an anti-vaccine society was formed 
by clergymen and physicians, calling on the people of England to 
suppress vaccination as “ bidding defiance to Ileaven itseli—even to 
the will of God ”—and declaring that “the law of God prohibits the 
practice.” In 1803 the Rev. Dr. Ramsden thundered against it in 
a sermon before the University of Cambridge, mingling texts of 
Scripture with calumnies against Jenner; but Plumptre in England, 
Waterhouse in America, and a host of other good men and true, press 
forward to Jenner's side, and at last science, humanity, and right rea- 
son, gain the victory.’ 

But I pass to one typical conflict in our days, In 1847 James 
Young Simpson, a Scotch physician of eminence, advocated the use 
of Anesthetics in obstetrical cases. 

Immediately a storm arose, From pulpit after pulpit such a use 
of chloroform was denounced as impious. It was declared contrary 
to Holy Writ, and texts were cited abundantly, The ordinary decla- 
ration was, that to use chloroform was “to avoid one part of the pri- 
meyal curse on woman.” ° 


' Sce Sprengel, “ Histoire de la Médecine,” vol. vi., pp. 39-80. For the cpposition 
of the Paris Faculty of Theology to inoculation, sce the “Journal de Barbier,” vol. vi., 
p. 294. For bitter denunciations of the inoculation by English clergy, and for the noble 
stand against them by Maddox, see Baron, ‘ Life of Jenner,” vol. i., pp. 231, 282, and 
vol. ii, pp. 89,40, For the strenuous opposition of the same clergy, see Weld, “ His- 
tory of the Royal Society,” vol. i, p. 464, note. Also, for the comical side of this mat- 
ter, see Nichols’s ‘‘ Literary Illustrations,” vol. v., p. 800, 

? For the opposition of conscientious men in England to vaecination, see Duns, “ Life 
of Sir James Y. Simpson, Bart.,” London, 1878, pp, 248, 249; also Baron, “ Life of Jen- 
ner,” bi supra, and vol. ii., p. 43; also “ Works of Sir J. ¥. Simpson,” vol. ii. 

3 Se Duns, “ Life of Sir J. Y, Simpson,” pp. 215-222. 
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Simpson wrote pamphlet after pamphlet to defend the blessing 
which he brought into use; but the battle seemed about to be lost, 
when he seize-l_ a new weapon. “My opponents forget,” said he, 
“the twenty-tirst verse of the seeond ehaptcer of Genesis. That is 
the record of the first surgical operation ever performed, and that text 
proves that the Maker of the universe, before he took the rib from 
Adium’s side for the creation of Eve, eaused a deep sleep to fall on 
Adam.” 

This was a stunning blow; but it did not entirely kill the oppo- 
sition. They had strength left to maintain that “the deep sleep of 
Adam took place before the introduction of pain into the world—in 
the state of innocence.”? Lut now a new champion intervened— 
Thomas Chalmers. With a few pungent arguments he scattered the 
enemy forever, and the greatest battle of science against suffering 
was wou.’ 

But was not the victory won also for religion? Go to yonder 
monnment, in Boston, to one of the discoverers of anesthesia. Read 
this inscription from our sacred yolume: “ This also cometh from the 
Lora of hosts which is wonderful in counsel and excellent in working.” 

I now ask yon to look at another part of the great warfare, aud I 
select it because it shows more elearly than any other how Protestant 
nations, and in our own time, haye suffered themselves to be led into 
the same crrors that have wrought injury to religion and science 
in other times, We will look very briefly at the battle-fields of 
Geology. 

From the first lispings of this seience there was war, The prevail- 
ing doctrine of the Church was, that “in the beginning God made the 
heavens and the earth,” that “all things were made at the beginning 
of the world,” and that to say that stones and fossils have been made 
since “the beginning,” is contrary to Seripture. The theological sub- 
stitutes for scientific explanations ripened into such as these—that 
the fossils are “sports of Nature,” or “creations of plastie foree,” or 
“results of a seminal air acting upen rocks,” or “models” made by 
the Creator before he had fully decided upon the best manner of cre- 
ating various beings. But, while some latitude was allowed among 
these theologico-scientifie explanations, it was held essential to believe 
that they were placed in all the strata, on one of the creation-days, by 
the hand of the Almighty; and that this was done for some myste- 
rious purpose of his own, probably for the trial of human faith. 

In the sixteenth century Fracastoro and Palissy broached the true 
idea, bnt produced little effect. Near the beginning of the seventeenth 
eentury De Clave, Bitaud, and De Villon, revived it; straightway 
the Theologic Faeulty of Paris protested against the doctrine as 
unscriptural, destroyed the offending treatises, banished the authors 


1 Sce Duns, “Life of Sir J. Y. Simpson,” pp. 256-259. 
24 Thid.,” p. 260; also “ Works of Sir J. Y. Simpson,” wbi supra. 
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from Paris, and forbade them to live in towns or enter places of 
public resort.’ 

At the middle of the eighteenth century, Buffon made another 
attempt to state simple and fundamental geological truths. The theo- 
logical faculty of the Sorbonne immediately dragged him from his 
high position, forced him to recant ignominiously and to print his 
recantation, 

Tt required a hundred and fifty years for Science to carry the day 
fairly against this single preposterous theory, The champion who 
dealt it the deadly blow was Scilla, and his weapons were facts re- 
vealed by the fossils of Calabria. 

3ut the advocates of tampering with scientific reasoning now re- 
tired to a new position. It was strong, for it was apparently based 
on Scripture, though, as the whole world now knows, an utterly false 
interpretation of Scripture. The new position was that the fossils 
were produced by the deluge of Noah, 

Tn vain had it been shown, by such devoted Christians as Bernard 
Palissy, that this theory was utterly untenable; in vain did good men 
protest against the injury sure to result to religion by tying it to a 
scientific theory sure to be exploded: the doctrine that fossils were 
the remains of animals drowned at the flood continued to be upheld by 
the great majority as “sound doctrine,” and as a bléssed means of 
reconciling science with Scripture.’ 

To sustain this “scriptural view,” so called, efforts were put forth 
absolutely hereulean, both by Catholics and Protestants. Mazurier 
declared certain fossil remains of a mammoth, discovered in France, to 
be bones of giants mentioned in Scripture. Father Torrubia did the 
same thing in Spain. Increase Mather sent similar remains, discovered 
in America, to England, with a similar statement. Scheuchzer made 
parade of the bones of a great lizard discovered in Germany, as the 
homo diluvit testis, the fossil man, proving the reality of the deluge.’ 

In the midst of this appears an episode very comical but very in- 
structive; for it shows that the attempt to shape the deductions of 
science to mect the exigencies of theology may mislead heterodoxy 
as absurdly as orthodoxy. 

! Morley, “ Life of Palissy the Potter,” vol. ii., p. 815, ¢¢ seq. 

? Audiat, ‘Vie de Palissy,” p. 412. Cantu, “ Ilist. Universelle,” vol. xv., p. 492. 

* For ancient beliefs regarding giants, see Leopardi, “ Saggio sopra gli errori popolati,” 
ete, chapter xv. For accounts of the views of Mazurier and Sehcuehzer, see Bichner, 
“Man in Past, Present, and Future,” English translation, pp, 235, 236. For Inerease 
Mather’s views, see “Philosophical Transactions,” xxiv., 85. For similar fossils sent 
from New York to the Royal Society as remains of giants, see Weld, ‘History of the 
Royal Society,” vol. i, p. £21. For Father Torrubia and his Gigantologia Expuiola, see 
D'Archiac, “ Introduction & Etude de la Paléontologie stratiographique,” Paris, 1864, 
p. 202. For admirabte summaries, see Lyell, “ Principles of Geology,” London, 1867; 
D’Archiac, “ Géologie et Paléontologie,” Paris, 1866 ; Pictct, “ Traité de Paléontologie,” 
Paris, 1853; Vezian, ‘‘Prodrome de la Géologie,” Paris, 1863; Haeckel, “ History of 
Creation,” New York, 1876, chapter iii. 
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About the vear 1760 news of the discovery of marine fossils in 
various cleyated districts of Europe reached Voltaire. Ile too had a 
theologie system to support, though his system was opposed to that 
of the sacred bocks of the Hebrews. He feared that these new dis- 
coveries might be used to support the Mosaic aceounts of the Deluge. 
All his wisdom aud wit, therefore, were compacted into arguments to 
prove that the fossil fishes were remains of fishes intended for food, 
but spoiled and thrown away by travelers; that the fossil shells were 
accidentally dropped by Crusaders and pilgrims returning from the 
Holy Land; and that the fossil bones of a hippopotamus found be- 
tween Paris and Etampes were parts of a skeleton lielonging to the 
cabinet of some ancient philosopher, Through chapter after chapter 
Voltaire, obeying the supposed necessities of his theology, fights des- 
perately the growing results of the geologie investigations of his time.’ 

But far more wide-spread and disastrous was the effort on the other 
side to show that the fossils were caused by the Deluge of Noah, 

No supposition was too violent to support a theory which was 
considered vital to the Bible. Sometimes it was claimed that the tail 
of a comet had produeed the deluge, Sometimes, by a prosaic render- 
ing of the expression regarding the breaking up of the fountains of 
the great deep, a theory was started that the earth contained a great 
cistern, from which the waters came and to which they retired. By 
taking sacred poetry as prose, and by giving a literal interpreta- 
tion of it, Thomas Burnet in his “Saered Theory of the Earth,” 
Whiston in his “Theory of the Deluge,” and others like them, built 
up systems which bear to real geology much the same relation that 
the “Christian Topography ” of Cosmas bears to real geography. 
In vain were exhibited the absolute geological, zodlogical, and astro- 
nomieal proofs that no universal deluge, or deluge covering any great 
extent of the earth, had taken place within the last six thousand er 
sixty thousand years; in vain did Bishop Clayton declare that the 
deluge could not have taken place save in that distriet where Noah lived 
before the flood; in vain was it shown that, even if there had been a 
universal deluge, the fossils were not produced by it; the only an- 
swers were the eitation of the text—“and all the high mountains 
which were under the whole heaven were covered ”—and denuneia- 
tion of infidelity. In England, Franee, and Germany, belief that the 
fossils were produced by the Deluge of Noah was insisted upon as 
part of that faith essential to sitlvation,” It took a hundred and twenty 

1 See Voltaive, ‘ Dissertation sur les Changements arrivés dans notre Globe,” also 
Voltaire, ‘ Les Singularités de la Nature,” chapter xii, near close of vol. v. of the Didot 
edition of 1843; also Jevons, “Principles of Science,” vol. ii, p. 328. 

2 For a candid summary of the proofs from geology, astronomy, and zodlogy, that the 
Noachian Deluge was not universally or widely extended, see McClintock and Strong, 
“ Cyclopedia of Biblical Theology and Ecclesiastical Literature,” article “Deluge.” For 
general history see Lyell, D'Arehiac, and Vezian. For special cases showing bitterness 
of the conflict, see the Rev, Mr. Davis’s’“ Life of Rev. Dr. Pye Smith,” passin, 
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years for the searchers of God’s truth, as revealed in Nature—such 
men as Buffon, Linneus, Whitehurst, and Danbenton—to push their 
works under these mighty fabrics of error, and, by statements which 
could not be resisted, to explode them. 

Strange as it may at first seem, the war on geology was waged 
more fiercely in Protestant countries than in Catholic; and, of all 
countries, England furnished the most.bitter opponents to geology 
at first, and the most active negotiators in patching up a truce on a 
basis of sham science afterward.’ 

You have noted already that there are, generally, two sorts of at- 
tack on a new science. First, there is the attack by pitting against 
scicnee some great doctrine in theology. You saw this in astronomy, 
when Bellarmin and others insisted that the doctrine of the earth re- 
volving about the sum is contrary to the doctrine of the inearnation, 
So now, against geology, it was urged that the scientific doctrine that 
the fossils represented animals which died before Adam, was contrary 
to the doctrine of Adam’s fall and that “death entered the world by 
sin.” * 

Then there is the attack by literal interpretation of texts, which 
serves a better purpose generally in rousing prejudices, 

It is dificult to realize it now, but within the memory of many of 
us the battle was raging most fiercely in England, and both these 
kinds of artillery were in full play and filling the civilized world with 
their roar. 

Abont thirty years ago the Rev. J. Mellor Brown, the Rev. Henry 
Cole, and others, were hurling at all geologists alike, and espectally 
at such Christian divines as Dr. Buckland, and Dean Conybeare, and 
Pye Smith, and such religious scholars as Prof. Sedgwick, the epithets 
of “infidel,” “impugner of the sacred record,” and “assailant of the 
volume of God.” 

Their favorite weapon was the charge that these men were “at- 
tacking the truth of God,” forgetting that they were stmply opposing 
the mistaken interpretations of Messrs. Brown, Cole, and others like 
them, tnadeqnately informed, 

They declared geology “not a subject of lawful inqniry,” de- 
nonneing it as “a dark art,” as “dangerous and disreputable,” as “a 
forbidden province,” as “infernal artillery,” and as “an awful evasion 
of the testimony of revelation.” ? 

This attempt to scare men from the science having failed, varions 
other means weretaken. To say nothing about England, it is humili- 
ating to human nature to remember the annoyances, aud even trials, 
to which the pettiest and narrowest of men subjected such Christian 


1 For a philosophical statement of reasons why the struggle was more bitter, and the 
attempt at deceptive compromises more absurd in England than elsewhere, see Maury, 
“T’Ancienne Académie des Sciences,” second edition, p. 152. 

? See Pye Smith, D. D., “Geology anil Scripture,” pp. 155, 157, 168, 169. 

VOL, VII.—36 


562 THE POPULAR SCIENCH MONTHLY. 


scholars in our own country as Benjamin Silliman and Edward Hiteb- 
cock and Louis Agassiz. 

But it is a duty and a pleasure to state here that one great Christian 
scholar did honor to religion and to himself by standing up for the 
claims of science, despite all these clamors, That man was Nicholas 
Wiseman, better known afterward as Cardinal Wiseman. The con- 
duct of this pillar of the Roman Catholic Church contrasts nobly with 
that of timid Protestants who were filling England with shrieks and 
denunciations,’ 

And here let me note that one of the prettiest skirmishes in this 
war was made in New England. Prof. Stuart, of Andover, justly 
honored as a Hebrew scholar, virtually deelared that geology was be- 
coming dangerous; that to speak of six periods of time for the crea- 
tion was flying in the face of Seripture; that Genesis expressly speaks 
of six days, each made up of an evening and a morning, and not six 
periods of time. 

To him replied a professor in Yale College, James Kingsley. In an 
article admirable for keen wit and kindly temper, he showed that 
Genesis speaks just as clearly of a solid firmament as of six ordinary 
days, and that if Prof. Stuart had got over one difficulty and accepted 
the Copernican theory, he might as well get over another and accept 
the revelations of geology. The encounter was quick and decisive, 
and the victory was with science and our own honored Yale.’ 

But perhaps the most singular attempt against geology was made 
by a fine specimen of the English Don—Dean Cockburn, of York—to 
scold its champions out of the field. Withont, apparently, the simplest 
elementary knowledge of geology, he opened a battery of abuse. He 
gave it to the world at large, by pulpit and press; he even inflicted it 
apon leading statesmen by private letters.° 

From his pulpit in York Minster, Mary Somerville was denounced 
coarsely, by name, for those studies in physical geography which have 
made her honored throughout the world." 

But these weapons did not succeed. They were like Chinese 
gongs and dragon-lanterns against rifled cannon. Buckland, Pye 


1 Wiseman, ‘Twelve Leetures on the Connection between Science and Revealed Re- 
ligion,” first American edition, New York, 1837, 

2 See Silliman’s Journal, vol. xxx., p. 114. 

3 Prof. Goldwin Smith informs me that the papers of Sir Robert Peel, yet unpub- 
lished, contain very curious specimens of these epistles. 

4 See “Personal Recollections of Mary Somerville,’ Boston, 1874, pp. 139 and 375, 
Compare with any statement of his religions views that Dean Cockburn was able to make, 
the following from Mrs. Somerville : “ Nothing has afforded me so convincing a proof of 
the Deity as these purely mental coneeptions of numerical and mathematical science 
which have been, by slow degrees, vouchsafed to man—and are still granted in these 
latter times, by the differential calculus, now superseded by the higher algebra—all of 
which must have existed in that sublimely omniscient mind from eternity,”—sSee ‘‘ Per- 
sonal Reeolleetions,” pp. 140, 141. 
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Smith, Lyell, Silliman, Titcheoek, Murchison, Agassiz, Dana, and a 
host of noble champions besides, press on, and the battle for truth is 


won. 
And was it won merely for men of science? The whole civilized 


world declares that it was won for religion—that thereby was infi- 
nitely inereased the knowledge of the power and goodness of God. 

Did time permit, we might go over other battle-fields no less in- 
structive than those we have seen. We might go over the battle- 
fields of Agricultural Progress, and note how, by a most curious per- 
version of a text of Seriptnre, great masses of the peasantry of Russia 
were prevented from raising and eating potatoes,’ and how in Scotland 
at the beginning of this century the use of fanning-mills for win- 
nowing grain was denounced as contrary to the text “the wind 
bloweth where it listeth,” etc., as leagning with Satan, who is “ prince 
of the powers of the air,” and as sutlicient cause for excommunication 
from the Seotch Church.’ 

We might go over the battle-fields of Industrial Science, and note 
how the introduction of railways into France was declared, by the 
Archbishop of Besancon, an evidence of the divine displeasure against 
country innkeepers who set meat before their guests on fast-days, and 
now were punished by seeing travelers carried by their doors; and 
how railroad and telegraph were denounced from a noted pulpit as 
“heralds of Antichrist.” And then we might pass to Protestant Eng- 
land aud recall the sermon of the Curate of Rotherhithe at the break- 
ing in of the Thames Tunnel, so destruetive to life and property, de- 
elaring that “it was but a jnst judgment upon the presumptuous 
aspirations of mortal man,” * 

We might go over the battle-fields of Ethnology and note how a 
few years since an honored American investigator, proposing in a 
learned society the discussion of the question between the origin of 
the human race from a single pair and from many pairs, was called to 
order and silenced as atheistic, by a Protestant divine whose memory 
is justly dear to thousands of us.’ 

Interesting would it be to look over the field of Meteorology— 
beginning with the conception, supposed to be scriptural, of angels 
opening and shutting “the windows of heaven” and letting out “the 
waters that be above the firmament” upon the earth—continuing 


1 Sce Haxthansen, “ Etudes sur la Russie.” 

? Burton, ‘‘ History of Scotland,” vol. vili., p. 511. Sve also Mause Headrigg’s views 
in Scott's “Old Mortality,” chapter vii. For the case of a person debarred from the 
communion for “raising the devil’s wind” with a winnowing-machine, see works of Sir 
J. ¥. Simpson, vol. ii. Those doubting the authority or motives of Simpson may be 
reminded that he was, to the day of his death, one of the strictest adherents of Scoteh 
orthodoxy. 

3 See Journal of Sir I. Brunel, for May 20, 1827, in “ Life of I. K. Brunel,” p. 30. 

4 This scene will be recalled, easily, by many leading ethnologists in Amcrica, and es- 
pecially by Mr. E. G. Squier, formerly minister of the United States to Central America. 
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through the battle of Fromundus and Bodin, down to the onslaught 
upon Lecky, in our own time, for drawing a logical and scientifie eon- 
clusion from the doctrine that Meteorology is obedient to laws." 

We might go over the battle-fields of Cartography and see how at 
one period, on account of expressions in Ezekiel, any map of the world 
which did not place Jerusalem in the centre, was looked on as im- 
pious.” 

We might go over the battle-fields of Political Eeonomy and note 
how a too literal interpretation of scriptural texts regarding taking 
interest for money wrought fearful injury, not only to the material 
interests, but also to the moral character of hosts of enterprising 
and thrifty men, during ages.* 

We might go over the battle-fields of Social Science in Protestant 
countries, and note the opposition of conscientious men to the taking 
of the census, in Sweden and in the United States, on account of the 
terms in which the numbering of Israel is spoken of in the Old Testa- 
ment.* 

And we might also see how, on similar grounds, religious seruples 
have been avowed against so beneficial a thing as Life Insurance.® 

I now come to the warfare on Scientific Instruction. IJ shall not 
take time for a sketch of the earlier phases of this warfare, but shall 
simply present a few typical conflicts that have oecurred within the 
last ten years. 

During the years 1867 and 1868 war was commeneed against cer- 
tain leading professors of the Medical School of Paris, especially 
against Profs. Vulpian and See, and agdinst the Department of Pub- 


1 The meteorologieal battle is hardly fought out yet. Many excellent men seem still 
to entertain views almost identical with those of over two thousand years ago, de- 
pieted in “The Clouds” of Aristophanes. 

? These texts are Ezekiel v. 5 and xxxviii, 12. The progress of geographical know}- 
edge, evidently, caused them to be softened down somewhat in our King James’s version ; 
but the first of them reads, in the Vulgate, “Ista est Hierusalem, in medio gentium posui 
eam et in circuitu ejus terras;”’ and the second reads in the Vulgate “in medio terre,” 
and in the Septuagint érz tov oudaddr tio ye. That the literal centre of the earth was 
meant, see proof in St. Jerome, Commentar, in Ezekiel, lib, ii, and for general proof, see 
Leopardi, “ Saggio sopra gli errori popolari degli antichi,” pp. 2U7, 208, For an idea of 
orthodox geography in the middle ages, see Wright’s “ Essay on Archeology,” vol, ii., 
chapter “On the Map of the World in Hereford Cathedral.” 

3 For a very complete history of this opposition of the Church to one of the funda- 
mental doctrines of political economy, see Murray, ‘“Ilistory of Usury,” Philadelphia, 
1866; also, Lecky, ‘History of Rationalism,” vol. ii., chapter vi. For collateral informa- 
tion as to effeet of similar doctrines on Venetian commerce, see Lindsay, “ History of 
Merchant Shipping,’’ London, 1874, vol. ii. 

4 See Michaelis, “ Commentaries on the Laws of Moses,”’ 1874, vol. ii., p. 8. The writer 
of the present article himself witnessed the reluctance of a very conscientious man to 
answer the questions of a census marshal, Mr. Lewis Hawley, of Syracuse, N. Y., and 
this reluctance was based upon the reasons assigned in II. Samuel, chapter xxiv. 1, 
and I. Chronicles, chapter xxi. 1, for the numbering of the children of Israel. 

5 See De Morgan, “ Paradoxes,” pp, 214-220, 
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lic Instruction, having at its head the Minister of State, Duruy. The 
storming party in the French Senate was led by a venerable and cou- 
scientious prelate, Cardinal de Bonnechose. 

It was charged by Monseigueur de Bonnechose and his party, that 
the tendencies of the teachings of these professors were fatal to reli- 
gion and morality. A heavy artillery of phrases was hurled, such as 
“ sapping the foundations,” ete., “ breaking down the bulwarks,” ete., 
ete., and withal a new missile was used with much effect, the epithet 
of “ materialist.” 

The resnlt can be easily guessed. Crowds came to the lecture- 
rooms of these professors, and the Iecture-room of Prof, See, the chiet 
offender, was crowded to suffocation. 

A siege was begun in due form. A young physician was sent by 
the cardinal’s party into the heterodox eamp as a spy. Having heard 
one lecture of Prof. See, he returned with information that seemed to 
promise easy victory to the besieging party. He brought a terrible 
statement, one that seemed enongh to overwhelm See, Vulpian, Duruy, 
and the whole hated system of public instruction in France. 

Good Cardinal Bonnechose scized the tremendous weapon, Rising 
in his place in the Senate he launched a most eloquent invective against 
the Minister of State who could protect such a fortress of impiety as 
the College of Medicine; and, as a climax, he asserted, on the evidence 
of his spy fresh from Prof. Sce’s lecture-room, that the professor had 
declared, in his lecture of the day before, that so long as he had the 
honor to hold his professorship he would combat the false idea of the 
existence of the soul (idée de ume). The weapon seemed resistless, 
and the wound fatal; but M. Duruy rose and asked to be heard. 

Ilis statement was simply that he held in his hand documentary 
proofs that Prof. See never made such a declaration. Ne held the 
notes used by Prof. See in his lecture. Prof. See, it appeared, belonged 
to a school in medical science which combated the idea of an art (idée 
@un art) in medicine. The real expression used was Pidée Wun art 
—the idea of an art; the expression which the imagination of the 
cardinal’s eager emissary made of it was Pidée Pune ame—the idea 
of a soul. 

The forces of the enemy were immediately turned. They retreated 
in confusion amid the laughter of all France; and a well-meant at- 
tempt to check what was feared might be dangerous in science simply 
ended in bringing ridicule on religion, and thrusting still deeper into 
the minds of thousands of men that most mistaken of all mistaken 
ideas—the conviction that religion and science are enemies.’ 


1 For general account of the Vulpian and See matter, see Revue des Deux Mondes, 
31 Mai, 1868.‘ Chronique de la Quinzaine,”’ pp. 763-765. As to the result on popular 
thought inay be noted the following comment on the affair by the Revue which is as 
free as possible from any thing like rabid anti-ecclesiastical ideas: ‘ Eile a été vraiment 
curicuse, instructive, assez triste et méme un peu amusante,” 
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But justice forbids our raising an outery against Roman Catholi- 
cism alone for this. In 1864 a number of excellent men in England 
drew up a declaration to be signed by students in the natural sci- 
ences, expressing “sincere regrct that researches into scientific truth 
are perverted by some in our time into occasion for casting doubt 
upon the truth and authenticity of the Holy Scriptures.” Nine-tenths 
of the leading scientific men of England refused to sign it. Nor was 
this the worst. Sir John Herschel, Sir John Bowring, and Sir W. R. 
Hamilton, administered, through the press, castigations which roused 
general indignation against the proposers of the cirenlar, and Prof. 
De Morgan, by a parody, covered memorial and memorialists with ridi- 
cule. It was the old mistake, and the old result followed in the minds 
of multitudes of thoughtful young men.’ 

And in yet another Protestant country this same wretched mis- 
take was made. In 1868, several excellent Churehmen in Prussia 
thought it their duty to meet for the denunciation of “Science falsely 
so called.” Two results followed. Upon the great majority of these 
really self-sacrificing men—whose first utterances showed crass igno- 
rance of the theories they attacked—there came quiet and wide-spread 
contempt ; upon Pastor Knak, who stoed forth and proclaimed views 
of the universe which he thought scriptural, but which most school- 
boys knew to be childish, came a burst of good-natured derision from 
every quarter of the German nation.’ 

Warfare of this sort against Science seems petty indecd; but it is 
to be guarded against in Protestant countries not less than Catholic ; 
it breaks out in America not less than in Europe. I might exhibit 
many proofs of this. Do conscientious Roman bishops in France 
labor to keep all advanced scientific instruction under their own con- 
trol—in their own universities and colleges; so do very many not 
less conscientious Protestant clergymen in our own country insist that 
advanced education in science and literature shall be kept under con- 
trol of their own sectarian universities and colleges, wretchedly one- 
sided in their development, and miserably inadequate in their equip- 
ment: did a leading Spanish university, until a reeent period, exclude 
professors holding the Newtonian theory ; so does a leading American 
college exclude professors holding the Darwinian theory: have Cath- 
olie colleges in Jtaly rejected excellent candidates for professorships 
on account of “unsafe” views regarding the Immaculate Conception ; 
so are Protestant colleges in America every day rejecting excellent 
candidates on account of “unsafe” views regarding the Apostolic 
Succession, or the Incarnation, or Baptism, or the Perseverance of 
the Saints. 

And how has all this system resulted. In the older nations, by 
a natural reaction, these colleges under strict ecclesiastical control 


1 De Morgan, “ Paradoxes,” pp. 421-428; also Daubeny’s “ Essays.” 
2 See the Berlin newspapers for the summer of 1868, especially Aladderadatsch. 
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have sent forth the most bitter enemies the Christian Church has 
ever known—of whom Voltaire and Renan and St. Beuve are types; 
and there are many signs that the same causes are producing the same 
result in our own country. 

I might allude to another battle-field in our own land and time. 
I might show how an attempt to meet the great want, in the State 
of New York, of an institution providing scientifie instruction, has 
been met with loud outeries from many excellent men, who fear injury 
thereby to religion. I might picture to you the strategy which has 
been used to keep earnest young men from an institution, which, it is 
declared, cannot be Christian because it is not sectarian, I might lay 
before you wonderful lines of argument which have been made, to 
show the dangerous tendencies of a plan which gives to scientific 
studies the same weight as to classical studies, and which lays no less 
stress on modern history and literature than on ancient history and 
literature. 

I might show how it has been denounced by the friends and agents 
of denominational colleges and in many sectarian journals, how the 
most preposterous charges have been made and believed by good 
men, how the epithets of “ godless,” “ infidel,” “irreligious,” ‘“un- 
religious,” “ atheistic,” have been hurled against a body of Christian 
trustees, professors, and students, and with little practical result save 
arousing @ suspicion in the minds of large bodies of thoughtful young 
men, that the churches dread scientific studies nutrammeled by see- 
tarianism, 

You have now gone over the greater struggles in the long war 
between Ecclesiasticism and Science, and have glanced at the lesser 
fields. You have seen the conflicts in Physical Geography, as to the 
form of the earth; in Astronomy, as to the place of the earth in the 
universe; in Chemistry and Physics; in Anatomy and Medicine; in 
Geology; in Meteorology: in Cartography; in the Industrial and 
Agricultural Sciences; in Political Economy and Social Science; and 
in Scientific Instruction, 

In every case, whether the war has been long or short, forcible 
or feeble, you have seen this same result—Science has at last gained 
the victory. 

In every case too, you have seen that while this ecclesiastical 
war, during its continuance, has tended to drive multitudes of 
thonghtful men away from religion, the triumph of science has been 
a blessing to religion—ennobling its conceptions and bettering its 
methods. 

May we ‘hot, then, hope that the greatest and best men in the 
Church, the men standing at centres of thought, will insist with pow- 
er, more and more, that religion be no longer tied to so injurious a 
policy as that which this warfare reveals; that searchers for truth, 
whether in theology or natural science, work on as friends, sure that, 
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no matter how much at variance they may at times seem to be, the 
truths they reach shall finally be fused into each other? 

No one needs fear the result. No matter whether Science shall 
complete ber demonstration that man has been on the earth not mere- 
ly six thousand years, or six millions of years; no matter whether 
she reveals new ideas of the Creator or startling relations between 
his creatures; no matter how many more gyves and clamps upon the 
spirit of Christianity she destroys, the result, when fully thought out, 
will serve and strengthen religion not less than science.’ 

The very finger of the Almighty has written on history that sci- 
ence must be studied by means proper to itself, and in no other way. 
That history is before us all. No one can gainsay it. It is decisive, 
for itis this: There has never been a seientific theory framed from 
the use of scriptural texts, wholly or partially, which has been made 
to stand. Such attempts have only subjected their authors to deris- 
ion, and Christianity to suspicion, From Cosmas finding his plan of 
the universe in the Jewish tabernacle, to Increase Mather sending 
mastodon’s bones to England as the remains of giants mentioned in 
Seripture; from BeHarmin declaring that the sun cannot be the cen- 
tre of the universe, because such an idea vitiates the whole scriptural 
plan of salvation, to a recent writer declaring that an evolution the- 
ory cannot be true, because St. Paul says that “all flesh is not the 
same flesh,” the result has always been the same.’ 


'In an eloquent sermon, preached in March, 1874, Bishop Cummins said, in sub- 
stanee: “The Church has no fear of Science; the persecution of Galileo was entirely 
unwarrantable ; but Christians should resist to the last Darwinism; for that is evidently 
contrary to Scripture.” The bishop forgets that Galileo's doctrine seemed to such colos- 
sal minds as Bellarmin, and Luther, and Bossuet, ‘“ evidently contrary to Seripture.” 
Far more logical, modest, sagacious, and full of faith, is the attitude taken by his former 
associate, Dr. John Cotton Smith. “For geology, physiology, and historical criticism, 
have threatened or destroyed only particular forms of religious opinion; while they have 
set the spirit of religion free to keep pace with the larger generalizations of modern 
knowledge.”—{Picroy, ‘The Mystery of Matter,” London, 1873, p. 72. 

2In the Church Journal, New York, May 28, 1874, a reviewer praising Rev. Dr. 
Hodge’s book against Darwinism, says: “ Darwinism, whether Darwin knows it or not, 
whether the clergy, who are half prepared to accept itin blind fright as ‘ science,’ know it 
or not, is a denial of every article of the Christian faith. It is supreme folly to talk as 
some do about accommodating Christianity to Darwinism. Either those who so talk do 
not understand Christianity, or they do not understand Darwinism. If we have all, men 
and monkeys, women and baboons, oysters and eagles, all ‘developed’ from an original 
nionad and germ, then St. Paul's grand deliverance—‘All flesh is not the same flesh. There 
is one kind of flesh of men, another of beasts, another of fishes, and another of birds. 
There are bodies celestial and bodies terrestrial ’—may be still very grand in our funeral. 
service, but very untrue to fact.” This is the same dangerous line of argument which 
Caccini indulged in in Galileo’s time. Dangerons, for suppose “ Darwinism” be prove: 
true! For a soothing potion by a skillful hand, see Whewell on the consistency of evo- 
lution doctrines with teleological ideas; also Rev. Samuel Houghton, F. R.S., “ Princi- 
ples of Animal Mechanics,” London, 1873, preface and page 166, for some interesting 
ideas on teleological evolution. 
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Such facts show that the sacred books of the world were not given 
for any such purpose as that to which so many men have endeavored 
to wrest them.’ 

Such facts show, too, that scientific hypotheses will be established 
or refuted by scientific men and scientific methods alone, and that no 
conscientious citation of texts or ontcries as to consequences of scien- 
tilic truths, from any other quarter, can do any thing save retard truth 
and cause needless anxiety. ’ 

Is skepticism feared? All history shows that the only skepticism 
which does permanent harm is skepticism as to the value and safety 
of truth as truth, No skepticism has proved so corrosive to religion, 
none so cancerous in the human brain and heart. 

Is faith cherished ? All history shows that the first article of a 
saving faith, for any land or time, is faith that there is a Power in 
this universe strong enongh to make truth-seeking safe, and good 
enough to make truth-telling usefui. 

What Scienee can do for the world is shown, not by those who 
have labored to coneoct palatable mixtures of theology and science 
—imen like Cosmas, and Torrubia, and Burnet, and Whiston—but by 
men who have fought the good fight of faith in truth for truth’s sake 
—-men like Roger Bacon, and Vesalius, and Palissy, and Galileo. 

What Christianity ean do for the world is shown, not by men 
who have stood on the high places screaming in wrath at the advance 
of sciencee—not by men who have retreated in terror into the sacred 
eaves and refused to look ont upon the universe as it is, but by men 
who have preached and practised the righteonsuess of the prophets, 
and the aspirations of the Psalmist, and the blessed Sermon on the 
Mount, and “the first great commandment and the second which is 
like unto it,” and St. James's definition of “ pure religion and unde- 
filed.” 

It is shown in the Roman Church, not by Tostatus and Bellarmin, 
but by St. Carlo Borromeo, and St. Vincent de Paul, and Fénelon, 
and Eugénie de Guérin; in the Anglican Church, not by Dean Cock- 
burn, but by Howard, and Jenner, and Wilberforee, and Florence 
Nightingale; in the German Church, not by Pastor Knak, but by 
Pastor Ifarms; in the American Church, not by the Mathers and 
Stuarts, but by such as Bishop Whatcoat, and Channing, and Muhlen- 
berg, and Father De Smet, and Samuel May, and Harriet Stowe. 

Let the warfare of scienee, then, be changed. Let it be a warfare 
in which Religion and Science shall stand together as allies, not 
against each other as enemies. Let the fight be for truth of every 


?To all who are inelined to draw seientifie conclusions from biblical texts, may be 
eommended the advice of a good old German divine of the Reformation period; ‘“Seek- 
ing the milk of the Word, do not press the teats of Holy Writ too bard.” 

? For some exeellent remarks on the futility of such attempts and outeries, see the 
Rev. Dr. Deems, in Popttar Screxce Montuty for February, 1876. 
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kind against falsehood of every kind—for justice against injusticee— 
for right against wrong—for the living kernel of religion rather than 
the dead and dried husks of sect and dogma; and the great powers 
whose warfare has brought so many sufferings shall at last join in 
ministering through earth God’s richest blessings. 


ON FALLACIES OF TESTIMONY RESPECTING THE 
SUPERNATURAL. 


By WILLIAM B. CARPENTER, LL.D., F.R.S. 


O one who has studied the history of science can fail to recog- 
Be nize the fact that the rate of its progress has been in great 
degree commensurate with the degree of freedom from any hind of 
prepossession with which scientific inquiry has been conducted. And 
the chapters of Lord Bacon’s “ Novum Organum,” in which he ana- 
lyzes and classifies the prejudices that are apt to divert the scientific 
inguirer from his single-minded pursuit of truth, have rightly been 
accounted among the most valuable portious of that immortal work. 
To use the felicitous language of Dr. Thomas Brown, “the temple 
which Lord Bacon purified was not that of Nature herself, but the 
temple of the mind; in its innermost sanctuaries were the idols which 
he overthrew; and it was not till these were removed, that Truth 
would deign to unveil herself to adoration.” 

Every one, again, who watches the course of educated thought at 
the present time, must see that it is tending toward the exercise of 
that trained and organized common-sense which we call “scientific 
method,” on subjects to which it is legitimately applicable within the 
sphere of religious inquiry. Seience has been progressively, and in 
various ways, undermining the old “bases of belief;” and men in al- 
most every religious denomination, animated by no spirit but that of 
reverent loyalty to truth, are now seriously asking themselves, 
whether the whole fabric of what is commonly regarded as authorita- 
tive revelation must not be carefully reéxamined under the searching 
light of modern criticism, in order that what is sound may be pre- 
served and strengthened, and that the insecurity of some parts may 
not destroy the stability of the whole. 

I notice, further, among even “orthodox” theologians of the pres- 
ent time, indications of a disposition to regard the New Testament 
miracles rather as incumbrances, than as props, to what is essential 
in Christianity ; of a feeling that they are rather to be explained 
away,’ than adduced as authoritative attestations of the teachings of 


! Thus theologians of the “philosophic ” school argue that miracles are not to be 
regarded as departures from the divine order, but are parts of the order originally settled 
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Jesus ; and of a perception that to attempt to enforee a belief in them, 
on the part of the rising generation, will be either to alienate from 
the acceptance of those teachings many of the most cultured and most 
earnest young people of our time, or to reduee their minds to that 
state of unreasoning subservience to authority which finds its only 
logical basis in the Roman Catholic Chureh. And, moreover, I ob- 
serve it to be among those, in various religious denominations, who 
are converging to the conclusion that the “authority” of Christianity 
most surely consists in the direct appeal it makes to the hearts and 
consciences of mankind, who most fully recognize in the life, teach- 
ing, and death of Christ, that manifestation of the Divine (dzavyasna 
Tie déene Kai yapaktip tie bnostdsewe avtod’) which constitutes him 
their Master and Lord, and who most earnestly and constantly aim to 
fashion their own lives on the model of his—that there is the greatest 
readiness to admit that the records of that Hfe are tinged by the pre- 
possessions, and subject to the inaccuracies, to which all human testi- 
mony is liable. 

It was nobly said thirty years ago? (I believe by Francis New- 
man) that “every fresh advanee of certain knowledge apparently 
sweeps off a portion of (so-called) religious belief, det only to leave 
the true religious element more and more pure; and in proportion to 
tts purity will be its influence for good, and for good only ;” and that, 
“little as many are aware of it, faithlessness is often betrayed in the 
struggle to retain in the region of faith that which is already passing 
into the region of science, for it implies doubt of the value of truth.” 
Thoronghly sympathizing with this view—in no spirit of hostility to 
what is commonly regarded as revealed truth—but with a desire to 
promote the discriminating search for what really constitutes revealed 
truth, I offer the following suggestions, arising out of the special 
studies whieh have oeeupied a large part of my life, to the considera- 
tion of such as may deem them worthy of attention. 

That the whole tendency of recent scientifie inquiry has been to 
strengthen the notion of “continuity” as opposed to “ eataclysms ”* 
and “interruptions,” and to substitute the idea of progressive “ evo- 
Intion” for that of “speeial creations,” cannot but be obvious to 
every one who is familiar with the progress of inquiry in astronomy, 
physical geology, paleontology, and biology. But the scientific theist 
who regards the so-called “laws of Nature” as nothing else than 
man’s expressions of so much of the divine order as it lies within his 
power to discern, and who looks at the uninterruptedness of this 


in the divine mind—as typified by the well-known illustration supplied by Mr. Babbage 
from his caleulating-machine. But this obviously puts altogether on one side the notion 
of miracles as extraordinary interpositions, involving a more direet personal agency than 
the ordinary uniformity. : 

1“ The brightness of his glory, and the express image of his person.” 

2 Prospective Review, vol. i., p. 63. 
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order as the highest evidence of its original perfeetion, necd find (as 
it scents to me) no abstract difficulty in the conception that the author 
of Nature can, if he will, oceasionally depart from it. And henee, as 
I deem it presumptuous to deny that there might be oceasions which 
in his wisdom may require such departure, Iam not conscious of any 
such scientific “prepossessions ” against miracles as would prevent 
me from accepting them as facts, if trustworthy evidence of their 
reality could be adduced. The question with me, therefore, is simply, 
“Wave we any adequate historical ground for the belicf that such 
departure has ever taken place?” 

Now, it can searcely be questioned that, while the scientifie proba- 
bility of uniform sequence has become stronger, the value of testi- 
mony in regard to departures from it has been in various ways dis- 
credited by modern criticism. It is clear that the old arguments of 
Lardner, and the modern reproduction of them by Prof. Andrews 
Norton (Boston, New England), which in my early days were held as 
demonstrating the “ gennineness of the Gospels,” no longer possess their 
former cogency. For the question has now passed intoa phase alto- 
gether different from that which it presented a century or two ago. 
It was then, “ Are the narratives genuine or fictitions ? Did the nar- 
rators intend to speak the truth, or were they constructing a tissue of 
falsehoods? Did they really witness what they narrate, or were they 
the dupes of ingenious story-tellers?” It is now, “Granting that the 
narrators wrote what they firmly believed to be true, as having them- 
selves seen (or thought they had scen) the events they recorded, or as 
having heard of them from witnesses whom they hada right to regard 
as equally trustworthy with themselves, is their belief a sufficient 
justification for ours? What is the extent of allowance which we are 
to make for ‘ prepossession’—1, As modifying their conception of each 
occurrence at the time; and 2. As modifying their subsequent remem- 
brance of it? And 3. In cases in which we have not access to the 
original records, what is the amount of allowance which we ought to 
make for the aceretion of other still less trustworthy narratives around 
the original nucleus ?” 

Cireumstances have led me from a very early period to take a 
great interest in the question of the value of testimony, and to oceupy 
myself a good deal in the inquiry as to what is scientifically termed 
its “subjective” element. It was my duty for many years to study 
and to expound systematically to medical students the probative value 
of different kinds of evidence; and my psychologieal interest in the 
eurions phenomena which, under the names of mesmerism, odylism, 
electro-biology, psychic foree, and spiritual agency, have been supposed 
to indicate the existence of some new and mysterious foree in Nature, 
led me, through a long scries of years, to avail myself of every oppor- 
tunity of studying them that fell within myreach. The general result 
of these inquiries has been to force upon me the conviction that, as 
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to all which concerns the “supernatural” (using that term in its gen- 
erally understood sense, withont attempting a logical definition of it), 
the allowance that has to be made for “ prepossession” is so large as 
practically to destroy the validity of any testimony which is not sub- 
mitted to the severest scrutiny according to the strictest scientific 
methods. Of the manner in which, within my own experience, what 
seemed the most trustworthy testimony has been completely discred- 
ited by the application of such methods, I shall give some examples 
hereafter. 

IT would by no means claim for myself or any other scientific man 
an immunity from idoiatrous prepossessions ; for we must all be guided 
in our researches by some notion of what we expect to find; and this 
notion may be very misleading, Thus, when no metal was known 
that is not several times heavier than water, it was not surprising that 
Dr. Pearson, as he poised upon his finger the first globule of potassium 
produced by the battery of Davy, should have exclaimed, “ Bless me, 
how heavy it is!” though, when thrown into water, the metal floated 
upon it. But while the true disciple of Bacon is on his guard against 
“idolatry,” and is constantly finding himself rudely handled (as Dr, 
Pearson was) by “the irresistible logic of facts” if he falls into it, the 
pledged upholder of any religions system can be seareely other than, 
in some degree, an “idolater.” The real philosopher, says Schiller, is 
distinguished from the “ trader in knowledge” by his “always loving 
truth better than his system.” 

Bacon’s classification of “idols” is based on the sources of our pre- 
possessions; and, although his four types graduate insensibly into 
each other, yet the study of them is very profitable. Sir John Her- 
schel is, I think, less successful when he classifies them as—1. Preju- 
dices of opinion, and 2. Prejudices of sense; because an analysis of 
any of his “ prejudices of sense” shows that it is really a “ prejudice of 
opinion.” My first object is to show that we are liable to be affected 
by our prepossessions at every stage of our mental activity, from our 
primary reception of impressions from without, to the highest exer- 
cise of onr reasoning powers; and that the value of the testimony 
of any individual, therefore, as to any fact whatever, essentially 
depends upon his freedom from any prepossessions that can affect it. 

That our own states of consciousness constitute what are, to each 
individual, the most certain of all truths—in a philosophical sense (as 
J. 8. Mill says) the only certain truths—will, I suppose, be generally 
admitted ; but there is a wide A/atus between this and the position 
that every state of consciousness which represents an external object 
has a real object answering to it. In fact, althongh we are acccus- 
tomed to speak of “the evidence of our senses ” as worthy of the high- 
est credit, nothing is easier than to show that the evidence of any one 
sense, without the check afforded by comparison with that of another, 
is utterly untrustworthy. 
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I might pile up instances of visual illusion, for example, in which 
the subject would be ready to aftirm without the slightest hesitation 
that he sees something which greatly differs from the object that actu- 
ally forms the picture on his retina; his erroneous interpretation of 
that picture being the result of a prepossession derived from antece- 
dent experience. I could show, too, that the same picture may be 
interpreted in two different modes: a skeleton-diagram, for example, 
suggesting two dissimilar solid forms, according as the eyes are fixed 
on one or another of its angles; and a photograph of a coin or fossil 
being seen as a cameo or as an intaglio, according as the position of 
the light affects the interpretation of its lights and shadows. Again, 
Ihave before me two pieces of ecard, A and B, of similar form: when 
Ais placed above B, the latter is unhesitatingly pronounced the larger; 
if their relative positions be reversed, A is pronounced, with equal 
conviction, to be the larger; yet, when one is laid «pon the other, 
they are found to be precisely equal in size. 

So, again, in those more complex combinations of natural objects 
which the pictorial artist aims to represent, the different modes in 
which the very same scene shall be treated, by two individuals work- 
ing at the same time and from the same point of view, show how dif- 
ferently they interpret the same visual picture, aceording to their ori- 
ginal constitution and subsequent training. As Carlyle says, “The 
eye sees what it brings the power to see.” 

But mental prepossessions do much more than this; they produce 
sensations having no objective reality. I do not here allude to those 
“subjective sensations” of physiologists which depend upon physical 
affections of nerves in their course, the circulation of poisoned blood 
in the brain (as in the delirium of fever), and the like; but I refer to 
the sensations produced by mental expectancy, a most fertile source of 
self-deception. The medical practitioner is familiar with these in the 
case of “hysterical” subjects; whose pains are as real experiences to 
them as if they originated in the parts to whieh they are referred. 
And [have no reason to doubt that the “sensitives”” of Reichenbach 
really saw the flames they described as issuing from magnets in the 
dark—as a very honest and highly-eduecated gentleman assured me 
that he did, not only when the magnet was there, but when he believed 
it to be still there (in the dark), after it had been actually withdrawn. 
So there are “sensitives” in whom the drawing of a magnet along the 
arm will produce a sensible aura or a pricking pain; and this will be 
equally exeited by the belief that the magnet is being so used, when 
nothing whatever is done. 

Now, the phenomena of which these are simple examples appear 
to me to have this physiological signification—that changes in’ the 
cerebrum which answer to the higher mental states act downeard 
upon the sensorium at its base, in the same manner as changes in the 
organs of sense act upward upon it; the very same state of the sen- 
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sorium being producible through the nerves of the ¢rternal and of the 
external senses, and the very same affection of the sensational con- 
sciousness being thus called forth by impressions ab extra and ab intra, 
Thus, individnals having a strong pictorial memory can reproduce 
scenes from Nature, faces, or pictures, with such vividness that they 
may be said to see with their “ mind’s eye” just as distinctly as with 
their bodily eye; and there is an instance on record (which Mr. Ruskin 
fully accredits, as well from having seen the two pictures as from his 
own similar experiences) in which a painter at Cologne accurately 
reproduced from memory a large altar-piece by Rubens, which had 
been carried away by the French. Those, again, who possess a strong 
pictorial imagination, can thus create distinct visual images of what 
they have never seen through their bodily eyes. And, although this 
power of voluntary representation is comparatively rare, yet we are 
all conscious of the phenomenon as occurring involuntarily in our 
dreams. . 

Now, there is a very numerous class of persons who are subject to 
what may be termed “waking dreams,” which they can induce by 
placing themselves in conditions favorable to reverie ; and the course 
of these dreams is essentially determined by the individual’s prepos- 
sessions, brought into play by suggestions conveyed from without. 
In many who do not spontaneously fall into this state, fixity of the 
gaze for some minutes is quite sufficient to induce it; and the “ mes- 
meric mania” of Edinburgh in 1851 showed the proportion of such 
susceptible individuals to be much larger than was previously sup- 
posed. Those who have had adequate opportunities of studying these 
phenomena find no difficulty in referring to the same category many 
of the “spiritualistic ” performances of the present time, in which we 
seem to have reproductions of states that were regarded in ancient 
times, under the influence of religious prepossession, as results of 
divine inspiration. I have strong reason to believe (from my convic- 
tion of the honesty of the individuals who have themselves narrated 
to me their experiences) that they have really seen, heard, and felt 
what they deseribe, where intentional deception was out of the ques- 
tion; that is, that they had the same distinct consciousness, in states 
of expectant reverie, of seeing, touching, and conversing with the 
spirits of departed friends, that most of us occasionally have in our 
dreams. And the difference consists in this—that while one, in the 
exercise of his common-sense, dismisses these experiences as the erea- 
tion of his own brain, having no objective reality, the other, under the 
influence of his prepossession, accepts them as the results of impres- 
sions ab extra made upon him by “spiritual” agencies. 

The faith anciently placed, by the heathen as well as the Jewish 
world, in dreams, visions, trances, etc., has thus its precise parallel in 
the present day; and it is not a little instructive to find a very intelli- 
gent religious body, the Swedenborgians, implicitly accepting as au- 
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thoritative revelation the visions of a man of great intcllectual ability 
and strong religious spirit, but highly imaginative disposition, the 
pecuiiar feature of whose mind it was to dwell upon his own imagin- 
ings. These he seems to have so completely separated from his 
worldly life, that the Swedenborg who believed himself to hold inter- 
course with the spiritual world and Swedenborg the mechanician and 
metallurgist may almost be regarded as two distinct personalities, 

If, then, the high scientifie attainments of some of the prominent 
advoeates of “spiritualism,” and onr confidence in their honesty, be 
held to require our assent to what they narrate as their experiences, 
in regard to a class of phenomena which they declare that they have 
witnessed, but which they cannot reproduce for the satisfaction of 
other men of science who desire to submit them to the rigorous tests 
which they regard as necessary to substantiate their validity, then we 
must, in like manner, aecept the records of Swedenborg’s revelations 
as binding on our belief. That they were trve to him I cannot doubt ; 
and, in the same manner, I do not question that Mr. Crookes is thor- 
oughly honest when he says that he has repeatedly witnessed the 
“levitation of the human body.” But I can regard his statements in 
no other light than as evidence of the degree in which certain minds 
are led, by the inflnence of strong “ prepossession,” to believe in the 
creations of their own visual imagination. 

All history shows that nothing is so potent as religious enthusiasm, 
in fostering this tendency ; the very state of enthusiasm, in fact, being 
the “possession” of the mind by fixed ideas, which overbear the 
teachings of objective experienee. These, when directed to great and 
noble ends, may overcome the obstacles which deter cooler judgments 
from attempting them; but, on the other hand, may also move not 
only individuals but great masses of people to extravaganees at which 
sober common-sense revolts; as the history of the Flagellants, the 
Dancing Mania, and other religious epidemics of the middle ages, for- 
cibly illustrates. And nothing is more remarkable, in the history of 
these epidemics, than the vividness with which people who were not 
asleep saw visions that were obviously inspired by the prevalent reli- 
gious notions of their times. Thus, some of the dancers saw heaven 
opened, and the Saviour enthroned with the Virgin Mary; while 
others saw hell yawning before their feet, or felt as if bathed in blood ; 
their frantic leaps being prompted by their eagerness to reach toward 
the one or to eseape from the other. 

In the next plaee, I would briefly direct attention to the inflnence 
of prepossessions on those interpretations of our sensational expe- 
riences which we are prone to substitute for the statement of the ex- 
periences themselves. Of such misinterpretations, the records of sei- 
enee are full; the tendeney is one which besets every observer, and to 
which the most conscientions have frequently yielded; but I do not 
know any more striking illustrations of it than I could narrate from 
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my own inquirics into mesmerism, spiritualism, ete. The most diverse 
accounts of the fucts of a séanee will be given by a believer and a 
skeptic. One will declare that a table rose in the air, while another 
(who had been watching its feet) is confident that it never left the 
ground; a whole party of believers will affirm that they saw Mr. 
Home float ont of one window and in at another, while a single honest 
skeptic declares that Mr. Home was sitting in his chair all the time. 
And in this last case we have an example of a fact, of which there is 
ample illustration, that during the prevalence of an epidemic delusion 
the honest testimony of any number of individuals on one side, if given 
under a “ prepossession,” is of no more weight than that of a single 
adverse witness—if so much. Thus I think it cannot be doubted by 
any one who candidly studies the witcheraft trials of two centuries 
back, that, as a rule, the witnesses really believed what they deposed 
to as facts; and it further seems pretty clear that in many instances 
the persons incriminated were themselves “ possessed ” with the notion 
of the reality of the occult powers attributed to them. No more 
instructive lesson can be found, as to the importance of the “subjec- 
tive” element in human testimony, than is presented in the records 
of these trials. Thus, Jane Brooks was hung at Chard assizes in 1658, 
for having bewitched Richard Jones, a sprightly lad of twelve years 
old; he was seen to rise in the air and pass over a garden-wall some 
thirty yards; and nine people deposed to finding him,in open day- 
light, with his hands flat against a beam at the top of the room, and 
his body two or three feet from the ground? If this “levitation of the 
human body,” confirmed as it is in modern times by the testimony of 
Mr. Crookes, Lord Lindsay, and Lord Adair, to say nothing of the 
dozen witnesses to Mrs. Guppy’s descent through the ceiling of a 
closed and darkened room, has a valid claim on our belief, how are we 
to stop short of aceepting, on the like testimony, ad the marvels and 
extravagances of witchcraft? If, on the other hand, we put these wit- 
nesses out of court, as rendered untrustworthy by their “ preposses- 
sion,” what credit can we attach to the testimony of any individuals 
or bodies dominated by a strong religious “ prepossession ;” that tes- 
timony having neither been recorded at the time, nor subjected to the 
test of judicial examination ? 

Though I have hitherto spoken of “ prepossessions” as ideational 
states, there are very few in which the emotions do not take a share ; 
and how strongly the influence of these may pervert the representa- 
tions of actual facts, we best see in that early stage of many forms of 
monomania, in which there are as yet no fixed delusions, but the ocenr- 
rences of daily life are wrongly interpreted by the emotioual coloring 
they receive. But we may recognize the same influence in matters 
which are constantly passing under our observation; and a better 
illustration of it could searcely be found than in the following cireum- 
stance, mentioned to me as having recently occurred in the practice 
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of a distinguished physician: The head of a family having been struck 
down by serious illness, this physician was called in to consult with 
the ordinary medical attendant ; and, after examining the patient and 
conferring with his colleague, he went into the sitting-room where the 
family were waiting in anxious expectation for his judgment on the 
case, This he delivered in the cautious form which wise experience 
dictated: “The patient’s condition is very critical, but I'see no reason 
why he should not recover.” One of the daughters screamed, “ Dr. 
says papa will die!” another cried out, in a jubilant tone, “ Dr. 
says papa will get well.” If no explanation had been given, the 
two ladies would have reported the physician’s verdict in precisely 
opposite terns, one being under the influence of fear, the other of 
hope. 

I shall now give a few illustrative examples, from recent experi- 
ences, of the contrast between the two views taken of the same phe- 
nomena (1) by such as are led by their “ prepossessions” at once to 
attribute to “occult ” influences what they cannot otherwise explain, 
and (2) by those who, under the guidance of trained and organized 
common-sense, apply themselves, in the first®instance, to determine 
whether there be any thing in these phenomena which “ natural” 
agencies are not competent to account for: 


1. When, in 1853, the “ table-turning ” epidemic had taken so strong a hold 
of the public mind that Prof. Faraday found himself called upon to explain its 
supposed mystery, he devised a very simple piece of apparatus for testing the 
fundamental question, whether there is any evidence that the movements of the 
table are due to any thing else than the muscular action of the performers who 
place their hands upon it. And having demonstrated by its means (1) that the 
table never went round unless the ‘‘indicator” showed that lateral pressure had 
been exerted in the direction of the movement, while (2) it always did go round 
when the “indicator ” showed that such lateral pressure was adequately exert- 
ed, he at once saw that the phenomenon was only another manifestation of the 
involuntary ‘‘ideo-motor” action which had been previously formulated, on oth- 
er grounds, as a definite physiological principle; and that there was, therefore, 
not the least evidence of any other agency. Yet it is still asserted that the 
validity of Faraday’s test is completely disproved by the conviction of the per- 
formers that they do not exert any such agency; all that this proves being that 
they are not conscious of such exertion—which, to the physiologist, affords no 

.proof whatever that they are not making it. 

2. So, again, Profs. Chevreu} and Biot, masters of experimental science wor- 
thy to be placed in the same rank with Faraday, had been previously applying 
the same principles and methods to the systematic investigation of the phenomena 
of the divining-rod and the oscillations of suspended buttons; the former of which 
were supposed to depend upon some “ occult’ power on the part of the perform- 
er, while the latter were attributed to an hypothetical “odylic” force. And they 
conclusively proved that in both cases the results are brought about (as in table- 
turning) by the involuntary action of mental expectancy on the muscles of the 
performer; the phenomena either not occurring at all, or having no constancy 
whatever, when he neither knows nor guesses what to exrpect.—The following 
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instance of the application, to the phenomena of the divining-rod, of the very 
simple test of closing the eyes, has lately been sent me by an American friend, 
who was apparently unaware of its former application by Chevrenl and Biot: 
“An aged clergyman, of thorough integrity, has for many years enjoyed the 
reputation of being specially skilled in the finding of places to dig wells by 
means of the ‘divining-rod.’ His fame has spread far; and the accounts that 
are given by him, and of him, must be, to those who place an implicit reliance 
on human testimony, overwhelmingly convincing. He eonsented to allow me te 
experiment with him, and I found that only a few moments were required to 
prove that his fancied gift was a delusion. In his own yard there was known 
to be a stream of water running a few feet below the surface, through a small 
pipe. As he marched over and near this, the rod continually pointed strongly 
downward, and several times turned clear over. These places I marked, and 
then blindfolded him, and marehed him about until he knew not where he was, 
taking him over the same ground over and over again; and althongh the rod 
went down a number of times, it did not once point to or near the places indi- 
cated.”’ 

3. Abont twenty-five years ago, when the old phenomena of the oseilla- 
tions of suspended buttons, developed by Dr. H. Mayo into a pseudo-scientific 
theory of od-force, were strongly exciting public attention, a medical friend 0? 
great intelligence, then residing in the south of France, wrote me long letters 
giving the results of his surprising experienees, and asking what I regarded as 
their rationale. My reply was simply, ‘“Shut your eyes, and let some one else 
observe the oscillations.” In a short time ] heard from him again, to the effect 
that his reinvestigation of the matter under this condition had satisfied him 
that there was no other agency concerned than his own involuntary muscular 
movement, directed by his mental expectancy of the results which would ensue. 


In the foregoing cases, the honest beliefs of the agents themselves brought. 
about the results; in the following these beliefs were taken up by the wit- 
nesses to the performances of others, in spite of all common-sense probabil- 
ity to the contrary, under the influence of their own strong “ preposses- 
sions.” 

4, At a spiritualistic séance at which I was present, at an early stage of the 
present epidemic, the ‘‘ medium ” pressed down one side of a large loo table sup- 
ported on a pedestal springing from three spreading feet, and left it resting on 
only two of its feet, with its surface at an angle of about 45°, Having been 
admitted to this séance under a promise of non-interference, I waited until its 
conclusion; and then, going over to the table, set it up and left it in the same 
position. For I had observed, when this was done by the “ medium,” that the 
edge of the broad claw of each foot, and the edge of its castor, bore on the 
ground together, so as to afford a base which, though narrow, was suflicient for 
the table to rest on, its weight happening to be balanced when thus tilted half 
over. Several persons of great intelligence who were present at this scance (Mr. 
Robert Chambers among the rest) assured me that, if it had not been for my 
exposure of this trick, they should have gone away in the belief that the table 
was sustained by “ spiritual ” influence, as in no other way could they suppose 
it to have kept its position against the force of gravity. 

5, So strong was the impression made by the rope-tying and other perform- 
ances of the Davenport brothers, about twenty years ago, upon those who 
were already prepossessed in favor of their “‘ spiritualistic” elaims, that I was 
pressed by men of distinguished position to become a member of u comurttee 
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for their “ scientific” investigation. Having a strong prepossession, however, in 
favor of the common-sense view that these performances were but the tricks 
of not very elever jugglers, and learning that this inquiry was to take place in 
a darkened room, and that the members of the committee must form a circle 
with joined hands, I at once declined to have any thing to do with it; on the 
ground that, to exclude the use of the eyes and hands, which the scientific in- 
vestigator uses as his chief instruments of research, was to render the inquiry 
utterly nugatory. Now that the tricks of the Davenport brothers have been 
not merely imitated but surpassed by Messrs. Cooke and Maskelyne, I suppose 
that no truly “rational” person would appeal to them as evidence of * spirit- 
ual” agency. 

6. During the meeting of the British Association at Belfast in 1874, a lady- 
medium of great repute held spiritualistic séances, at which she distributed flow- 
ers, affirmed to have been brought to her then and there by the spirits, fresh 
from the garden, with the dew of heaven upon them. As there was nothing 
more in this performance than is done every day by an ordinary conjurer, only 
the confidence entertained in the good faith of the medium could justify a be- 
lief in the “spiritual? transport of the flowers; but this belief, aided by the 
general ‘‘ prepossession,” had been implicitly accepted by many of the witnesses 
on such occasions. An inquisitive young gentleman, however, who was staying 
in the same house, and did not share in this confidence, found a basin-full of 
these flowers (hollyhocks) in a garret, with a decanter of water beside it; and 
strongly suspecting that they had been stored there with a view to distribution 
at the séance, and that the dew would be supplied, when wanted, from the de- 
canter, he conveyed into the water a chemical substance (ferrocyanide of potas- 
sium), in quantity so small as not to tinge it, and yet to be distinctly recognizable 
by the proper test. On the subsequent application of this test (a per-salt of 
iron) to the flowers distributed by the “‘ medium,” they were found to give Prus- 
sian blue—This is no piece of hearsay, but a statement which I have in the 
hand of the gentleman himself, with permission to make it public. 


But every form of “ prepossession ” has an involuntary and unsus- 
pected action in modifying the memorial traces of past events, even 
when they were originally rightly apprehended. A gradual change in 
our own mode of viewing them will bring us to the conviction that we 
always so viewed them; as we recently saw in the crroneons account 
which Earl Russell gave of his action as Foreign Secretary in the 
negotiations which preceded the Crimean War. Tis subsequently- 
acquired perception of what he shonld have done at a particular junc- 
ture wrought him np to the honest belief that he really did it. To 
few persons of experience in life has it not happened to find their dis- 
tinct impressions of past events in striking discordance with some 
contemporary narrative, as perhaps given in a letter of their own. 
An able lawyer told me not long since that he had had occasion to 
look into a deed which he had not opened for twenty years, but which 
he could have sworn to contain certain clauses; and, to his utter aston- 
ishment, the clauses were not to be found init. His habitual concep 
tion of the purpose of the deed had constructed what answered to the 
actual memorial trace. 
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Now, this constructive process becomes peculiarly obvious, in a 
comparison of narratives given by the believers in mesmerism, spirit- 
ualism, and similar “ occult ” agencies, when there Las been time for 
the building-up of the edifice, with contemporary records of the 
events, made perhaps by the very narrators themselves. Every thing 
which tends to prove the reality of the occult influence is exagger- 
ated or distorted; every thing which would help to explain it away 
is quietly (no doubt quite unintentionally) dropped out, And convie- 
tions thus come to be honestly entertained which are in complete dis- 
accordance with the original facts. This source of fallacy was spe- 
cially noticed by Bacon: 


“ When the mind is once pleased with certain things, it draws all others to 
consent, and go along with them; and though the power and number of in- 
stances that make for the contrary are greater, yet it either attends not to them, 
or despises them, or else removes them by a distinction, with a strong and per- 
nicious prejudice to maiutain the authority of the first choice unviolated. And 
hence in most cases of superstition, as of astrology, dreams, omens, judgments, 
etc., those who find pleasure in such kind of vanities always observe where the 
event answers, but slight and pass by the instances where it fuils, which are 
much the more numerous.”—NOVUM ORGANON. 


Of the manner in which this constructive process will build up a 
completely ideal representation of a personality (with or without a nu- 
cleus of reality), which shall gain implicit acceptance among a whole 
people, and be currently accepted by the world at large, we have a 
“ pregnant instance ” in the William Tell tradition. For the progres- 
sive narrowing-down of his claims, which has resulted from the com- 
plete discordance between the actions traditionally attributed to him 
and trustworthy contemporary history, leaves even his personality 
questionable; while the turning-up of the apple-story in Icelandic 
sagas and Hindoo myths seems to put it beyond doubt that this, at 
any rate, is drawn from far older sources. The reality of this process 
of gradual accretion and modification, in accordance with current 
ideas in regard to the character of an individual or the bearing of an 
event, cannot now be doubted by any philosophie student of history. 
And the degree in which such constructions involve ascriptions of 
supernatural power can be shown in many instances to depend upon 
the prevalent notions entertained as to what the individual might be 
expected to do. 

No figure is more prominent in the early ecclesiastical history of 
Scotland than that of St. Columba, “the Apostle of the Scoto-Irish,” 
in the sixth century. TLaving left Ireland, his native country, through 
having, by his fearless independence, been brought into collision with 
its civil powers, and been excommunicated by its Church-synods, he 
migrated to Scotland in the year 563, and acquired by royal donation 
the island of Iona, which was a peculiarly favorable centre for his 
evangelizing labors, earried on for more than thirty years among the 
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Picts and Scots, and also among the northern Irish. No fewer than 
thirty-two separate religious foundations among the Scots, twenty-one 
among the Picts, and thirty-seven among the Trish, many of which 
oecupied conspicuous places in the monastic history of the earlier 
middle ages, seem to have been planted by himsclf or his immediate 
disciples ; the most eelebrated of all these being the eollege of the 
Culdees, at Iona, which kept alive the flame of learning during a pro- 
longed period of general ignorance and superstition, and became a 
centre of religious influence, which extended far beyond the range of 
its founder’s personal labors, and caused his memory to ke held in the 
deepest veneration for centuries afterward. The point on which I 
here desire to lay stress is the continuity of history, as trustworthy as 
any such history can be; the incidents of St. Columba’s life having 
been originally recorded in the contemporary fasti of his religious 
foundation, and transmitted in unbroken succession to Abbot Adam- 
nan, who first compiled a complete “ Vita” of his great predecessor, of 
which there still exists a manuscript copy, whose authenticity there is 
no reason to doubt, which dates back to the early part of the eighth 
century, not much more than one hundred years after St. Columba’s 
death. Now, Adamnan’s “ Vita” eredits its subject with the posses- 
sion of every kind of miraculous power. The saint prophesied events 
of all kinds, trivial as well as grave, from battles and violent deaths 
down to the spilling of an ink-horn, the falling of a book, the omission 
of a single letter from a writing, and the arrival of guests at the mon- 
astery. He cured numbers of people afflicted with inveterate dis- 
eases, accorded safety to storm-tossed vessels, himself walked across 
the sea to his island-home, drove demons out of milk-pails, outwitted 
sorcerers, and gave supernatural powers to domestic implements. 
Like other saints, he had his visions of angels and apparitions of 
heavenly light, which eomforted and encouraged him at many a try- 
ing juncture, lasting, on one oeeasion, for three days and nights. 
Now, it seems to me beyond all reasonable doubt that St. Columba 
was one of those men of extraordinary energy of character and earnest 
religious nature who have the power of strongly impressing most of 
those with whom they eome into contact, moulding their wills and 
awakening their religious sympathies, so as to acquire a wonderful in- 
fluenee over them; this being aided by the eommanding personal 
“ presence ” he is recorded to have possessed, And it is not surprising 
that, when themselves the subjects of what they regarded as “super- 
natural” power, they should attribute to him the exercise of the same 
power in other ways. In fact, to their unscientifif minds it seemed 
quite “natural” that he should so exert it; its possession being, in 
their belief, a normal attribute of his saintship. That he himself be- 
lieved in his gifts, and that many wonders were actually worked by 
the eoncurrent aetion of his own faith in himself and his followers’ 
faith in him, will not seem unlikely to any one who has earefully 
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studied the action of mental states upon the bodily organism. And 
that round a uncleus of truth there should have gathered a large ac- 
cretion of error, under the influence of the mental preconception whose 
inodus operandi I have endeavored to elucidate, is accordant with the 
teachings of our own recent experience, in such cases as that of Dr. 
Newton and the Zouave Jacob. In these and similar phenomena, a 
strong conviction of the possession of the power on the part of the 
healer seems to be necessary for the excitement of the faith of those 
operated on; and the healer recognizes, by a kind of intuition, the ex- 
istence of that faith on the part of the patient. Do not several phrases 
in the gospel narratives point to the same relations as existing be- 
tween Jesus and the sufferers who sought bis aid? The cure is con- 
stantly attributed to the “faith” of the patient; while, on the other 
hand, we are told that Jesus did not do many mighty works in his 
own country “because of their unbelief’—the very condition which, 
if these mighty works had been performed by his own will alone, 
would have been supposed to call forth its exertion, but which is per- 
fectly conformable to our own experience of the wonders of mesmer- 
ism, spiritualism, etc. So Panl is spoken of as “steadfastly behold- 
ing” the cripple at Lystra, “and seeing that he had faith to be 
healed.” 

The potency of influences of the opposite kind npon minds predis- 
posed to them, and through their minds upon their bodies, is shown 
in the “Obeah practices ” still lingering among the negroes of the 
West India colonies, in spite of most stringent legislation. A slow 
pining away, ending in death, has been the not untrequent result of 
the fixed belief on the part of the victim that “Obi” has been put 
upon him by some old man or old woman reputed to possess the inju- 
rions power; and I see no reason to doubt that the Obi men or women 
were firm believers in the occult power attributed to them. 

Every medical man of large experience is well aware how strongly 
the patient’s undoubting faith in the efficacy of a particular remedy 
or mode of treatment assists its action; and, where the doctor is him- 
self animated by such a faith, he has the more power of exciting it in 
others. A simple prediction, without any remedial measure, will 
sometimes work its own fulfillment. Thus, Sir James Paget tells of a 
case in which he strongly impressed a woman, having a sInggish, non- 
malignant tumor in the breast, that this tumor would disperse within 
a month or six weeks; and so it did. He pereeived the patient’s na- 
ture to be one on which the assurance would act favorably, and no one 
could more earnestly and effectually enforce it. On the other hand, a 
fixed belief on the part of the patient that a mortal disease has seized 
upon the frame, or thata particular operation or system of treatment 
will prove unsuccessful, seems in numerous instances to have been the 
real occasion of the fatal result. 

Many of the so-called “miracles” of the Romish Church, such as 
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that of the “holy thorn” (narrated in the “Ilistory of the Port- 

Royalists”), which stood the test of the most rigid contemporary in- 
quiry, carried on at the prompting of a hostile ecclesiastical party, 
seem to me fully explicable on the like principle of the action of 
stronely-excited “faith” in producing bodily change, whether bene- 
ficial or injurious; and nothing but the fact that this strong excite- 
ment was called forth by religious influences, which in all ages have 
been more potent in arousing it than influences of any other kind, 
gives the least color to the assumption of their supernatural char- 
acter. 

T might draw many other illustrations from the lives of the saints 
of various periods of the Roman Catholic Church, as chronicled hy 
their contemporaries, many of whom speak of themselves as cye-wit- 
nesses of the marvels they relate; thus, the “levitation of the human 
body ”—i, e., the rising from the ground, and the remaining uasup- 
ported in the air for a considerable length of time—is one of the mira- 
cles attributed to St. Francis d’Assisi. But it will be enough for me 
to refer to the fact that some of the ablest ecclesiastical historians in 
the English Church have confessed their inability to see on what 
grounds—so far as external evidence is concerned—we are to reject 
these, if the testimony of the Biblical narratives is to be accepted as 
valid evidence of the supernatural occurrences they relate, 

But the most remarkable example I have met with in recent times 
of the “survival” in a whole community of ancient modes of thought 
on these subjects (the etymological meaning of the term “supersti- 
tion”) has been very recently made public by a German writer, who 
has given an account of the population of a corner of Eastern Austria, 
termed the Bukowina, a large proportion of which are Jews, mostly 
belonging to the sect of the Chassidim, who are ruled by “Saints” or 
“Just Ones.” “ These saints,” says their delineator, “are sly impostors, 
who take advantage of the fanaticism, superstition, and blind ignorance 
of the Chassidiin in the most barefaced manner. They heal the sick 
by pronouncing magie words, drive out devils, gain lawsuits, and their 
curse is supposed to kill whole families, or at least to reduce them to 
beggary. Between the ‘saint’ and ‘God’ there is no mediator, for he 
holds personal intercourse with the Father of all, and his words are 
oracles. Woe to those who should venture to dispute these miracles 
in the presence of these unreasonable fanatics! They are ready to 
die for their superstitions, and to kill those who dispute them.” ? 

Now, I fail to see what stronger external evidence there is of any 
of the supernatural occurrences chronicled in the Old Testament than 
that which is afforded by the assnred conviction of this Jewish com- 
munity as to what is taking place at the present time under their own 
eyes, And, assuming, a8 I suppose most of us should be ready to do, 
that the testimony of these contemporary wonders would break down 
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under the rigorous test of a searehing examination, I ask whether we 
are not equally justified in the assumption that a similar serutiny, if 
we had the power to apply it, would in like manner dispose of many 
of the narratives of old time, cither as distortions of real occurrences 
or as altogether legendary. 

In regard to the New Testament miracles generally, while failing 
to see in what respect the external testimony in their behalf is stronger 
than it is for the reality of the miracles attributed to St. Columba, I 
limit myself for the present to the following questions: 

1. Whether the “ miracles of healing” may not have had a founda- 
tion of reality in “natural” agencies perfectly well known to such as 
have scientifically studied the action of the mind upon the body. In 
regard to one form of these supposed miracles—the casting out of 
devils—I suppose that I need not in these days adduce any argument 
to disprove the old notion of “demoniacal possession,” in the face of 
the fact that the belief in such “ possession” in the case of lunatics, 
epileptics, etc., and the belief in the powers of “exorcists” to get rid of 
it, are still as prevalent among Eastern nations as they were in the time 
of Christ. And I suppose, too, that, since travelers have found that 
the pool of Bethesda is fed by an intermittent spring, few now seri- 
ously believe in the occasional appearance of an “angel” who moved 
its water; or in the cure of the first among the expectant sick who 
got himself placed in it, by any other agency than his “faith” in the 
efficacy of the means. I simply claim the right to a more extended 
appleation of the same critical method, 

2, Whether we bave nota similar right to bring to bear on the 
study of the Gospel narratives the same principles of criticism as 
guided the early fathers in their construction of the canon, with all 
the enlightemment which we derive from the subsequent history of 
Christianity, aided by that of other forms of religious belief. The 
early Christian fathers were troubled with no doubts as to the reality 
of miracles in themselves; and they testified to the healing of the 
sick, the casting out of devils, and even the raising of the dead, as 
well-known facts of their own time. But they rejected some current 
narratives of the miraculous which they did not regard as adequately 
authenticated, and others as considering them puerile. Looking at it 
not only as our right, but as our duty, to bring the higher critical 
enlightenment of the present day to bear upon the study of the Gospel 
records, I ask whether both past and contemporary history do not 
afford such a body of evidence of a prevalent tendency to exaggera- 
tion and distortion, in the representation of actual occurrences in 
which “supernatural” agencies are supposed to have been concerned, 
as entitles us, without attempting any detailed analysis, to believe 
that, if we eould know what really did happen, it would often prove to 
be something very different from what is narrated. 

By such a general admission, we may remove the serious difficul- 
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ties to which I alluded at the outset, difficulties which must, I think, 
have been present to the mind of Locke, when he recorded, in the 
commonplace-book published by Lord King, the remarkable aphorism 
that “the doctrine proves the miracles, rather than the miracles the 
doctrine.”"— Contemporary Review. 


THE FUNCTIONS OF ASSOCIATION IN ITS RELATION 
TO LABOR. 


Br WILLIAM B. WEEDEN,. 


rE writer is a member of a copartnership chiefly devoted to the 

business of mannfacturing textile fabrics. Within twenty years 
this firm has divided interests in different mills with cight persons, 
who acted as superintendents or assistant superintendents of the mills 
in which they were engaged. These combinations were of the nature 
of industrial partnerships, and proved uniformly successful. Of these 
eight persons, two were originally factory accountants, two were fin- 
ishing overseers, and four were weaving overseers; all were men who 
had served long in the factories, and were outgrowths from factory- 
life. If it be trne that in the armies of Napoleon every private car- 
ried a marshal’s ddton in his knapsack, or, as Sydney Smith puts it, 
if every English curate is a possible bishop, then these industrial 
combinations must have produced better cloth for the people and a 
better life in the makers of the cloth, or the laborers who were con- 
fined in the factories. The firm owned or controlled ample capital 
for their enterprises, and employed the laborers. It needs no argu- 
ment to show that the business was more thoroughly done becanse 
these industrial partners were taken from among the laborers; and it 
is likewise evident that each rank of laborers was elevated and stimu- 
lated by these promotions. 

Under that modern system of organization which unites the labor- 
ers into one mass, striving to obtain the highest price for their ser- 
vices, and combines einployers in another assembly seeking to obtain 
labor at the lowest price, our industrial partnerships would have been 
impossible. If close combinations resulting in certain antagonism, 
such as has prevailed in England for a generation, had existed here, 
then no links could have reached across from the chain of Jaborers on 
the one side to the chain of employers and capitalists on the other. 
These combinations are growing in America; the life they foreshadow 
must differ from the industrial life described above. It was this 
thought which led me to consider the matter, and to try to ascertain 
the true functions of association. The topic is broader than my 
theme, and enters into all phases of civilized society, but I would con- 
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sider it in the relations of organized labor, which inelude the so-called 
labor and capital (or capital and labor) disputes. The same principles 
of association prevail here which dominate all social action. What 
are the powers, the rights, and the limits of association, whether it 
be of the employers or the employed? I shall resolve the question 
of rights into that of powers. If there be a legitimate power inher- 
ent in these associations, I will not maintain any vested right against 
it. This is not strictly accurate, but sufliciently so for this discussion, 

In treating of association we must first consider the materials 
which make it; the characteristics of the individuals who associate 
themselves together, And here we must remember that the individ- 
ual is a social entity of quite recent growth. The Roman, German, 
Anglo-Saxon societies knew nothing of individual men and women, 
The Roman family, gens, or house and tribe, the German benefice, 
commendation, and guild, the Anglo-Saxon ceorl and corl castes, with 
their tithings and hundreds—all these institutions, mingling in the 
stream of history, made each individual into a part of something 
other than himself. Society as well as government was classified into 
groups, which were further classified and subdivided. The single 
individual had no place; under the Saxon laws he was outlawed, and 
might be killed. These groups gradually broke up, under the frie- 
tion of modern life. America, as we have been frequently told in the 
centennial reminiscences of this period, for two hundred years received 
the germinal ideas of Europe. We received, through immigration, 
the most characteristic and modern ideas, and incorporated them into 
anew political and social life, freed from many restraints still pre- 
yailing in the old countries. Politically, the individnal was fully ree- 
ognized for the first time; socially, he was raised into freer activity 
than any socicty had ever developed ; yet, socially, the individual was 
more limited by the influence of the old grouping than he was in his 
political relations. These distinctions are important, because they 
modify all the subsequent relations of employers and employed, and 
coutrol the character of associations in this country. 

The associations of employers in America thus far have been loose- 
ly formed, and their action on the labor question has been indirect. 
The associations of laborers have been modeled after those prevailing 
in England, and known as trades-unions. If we would comprehend 
the principles of any association of laborers in America, we must 
first study the history of these English unions, for the results achieved 
by these powerful organizations govern the movements of all labor 
agitators, whether they are conscious of it or not. The whole prin- 
ciple of trades-nnionism has been set forth carefully and candidly by 
Mr. Thornton in his work “On Labor.” Myr. Thornton is neither a 
comimunist nor a socialist, but an acate and thoughtful Englishman, 
with large sympathies, who, whenever his sense of justice will allow, 
leans to the side of labor in its struggles with capital. He sees in 
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labor, as capital, not theories, but immense and awful facts which 
must bruise and grind each other until they are worn into some finer 
social relations. The idea that some wrong principles in the first con- 
stitution of the facts might be changed, and the whole result might 
be ameliorated, never occurs to him, The whole affair must be fonght 
out representatively and fairly; and, when the strongest force has 
manifested itself, right will prevail. He admits the many evils of 
trades-unionism, stating them with candor and force. But he be- 
lieves the institution to be absolutely necessary. He says, on page 
320: 

‘Laborers ay, by combining, acquire an influence which, if exercised with 
moderation and discretion, employers will in general be willing rather to pro- 
pitiate than to oppose. Among the concessions which may in consequence be 
obtained by unionists, the most material are those which affect the remunera- 
tion of labor, and these, it is eommonly supposed, cannot, when due solely to 
unionist action, be of permanent operation. We have Jearned, however, in the 
course of the present chapter, that the fact of an increase in the rate of remu- 
neration having been artificially caused, furnishes no reason why, in the great 
majority of cases, that increase should not be lasting... . Such being the effi- 
cacy of unionism, there is no difficulty in accounting for its popularity without 
resorting, in explanation of unionist loyalty, to any of those terrorist theories, 
the exaggerations of which have already been exposed, and on which no addi- 
tional words need here be expended.” 


Mr, Thornton supports the extraordinary theory that an artificial 
rise of wages may be made into a permanent value by reconstructing 
the whole formula of supply and demand as it is enunciated by econo- 
mists and men of affairs. He says, on page 108: 


“The price of labor is determined, not by supply and demand, which never 
determined the price of any thing, nor yet by competition, which generally de- 
termines the price of everything else, but by combination among the masters. 
Competition in a small minority of cases, combination in a great majority, have 
appeared to be normally the determining causes of the rate of wages or price of 
labor.” 


It is not necessary to refute this theory in its relation to price and 
yalue—it refutes itself; common facts, occurring since he wrote, have 
nullified it. I am only stating the basis of trades-unionism in the 
words of its most intelligent advocate. It is interesting to compare 
these doctrines of Mr. Thornton with those of Josiah Warren, an 
American socialist, who approaches the question from the opposite di- 
rection. Mr. Warren works his theory of value, price, and supply and 
demand, out of the sovereignty of the individual, as he terms it; while 
Mr. Thornton’s comes out of the historic organization of society, po- 
litical and social, as well as economical. Mr, Warren was an earnest 
man, who has had and now has a great influence in forming the opin- 
ions of laborers and labor-agitators in this country. He says in his 
pamphlet on “True Civilization” (pages 41, 64, 100) : 
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“It is now evident to all eyes that labor does not obtain its legitimate re- 
ward, but, on the contrary, that those who work the hardest fare the worst. 
.... At this point society must attend to the rights of labor, and settle once 
for all the great problem of its just reward. This appears to demand a discrimi- 
nation, a disconnection, a disunion, between cost and value. . . . Making value, 
or ‘what a thing will bring,’ the limit of its price, stagnates exchange and pre- 
vents our wants from being supplied. Now, if it were not a part of our present 
system to get a price according to the degree of want or suffering of the commu- 
nity, there would long since have been some arrangement made to adapt the sup- 
ply to the demand. . . . Cost being made the limit of price, would give to the 
washer-woman a greater income than the importer of foreign goods; that this 
would entirely upset the present system of national trade, stop all wars arising 
out of the scramble for the profits of trade, and demolish all taritfs, duties, and 
all systems of policy that give rise to them; would abolish all distinctions of rich 
and poor; would enable every one to consume as much as he produced, and, 
consequently, prevent any one from living at the cost of another without his or 
her consent.” 


The difficulty underlying these two economical theories is the 
same, as I understand it. Mr. Thornton, and in a certain degree the 
political economists also, convert supply and demand into two entities. 
Take his Mlustration (page 59): 

“ Suppose at each of two horse-fairs a horse to be sold valued by its owner 
at £50, and suppose there be in the one case two and in the other three persons, 
of whom each is ready to pay £50 for the horse, though no one of them can 
afford to pay more. In both cases supply is the same—viz., one horse at £50— 
but demand is different, being in the one case two and in the other three horses 
at £50. Yet the price at which the horse will be sold will be the same in both 
cases, viz., £50,” 


Here he assigns a metaphysical limit to supply, and yet admits only 
a portion of the mental process by which that limit is reached. The 
faet that the buyers cau afford to pay only £50 has little to do with the 
price paid. The cause which intlnences their mental action is, that 
they know there are plenty of other horses they ean lny at £50, though 
there is only one at hand. Economically, the absent horses enter into 
the supply nearly as effectively as the one present. This supply, pres- 
ent and absent, affects the minds of both buyer and seller, and limits 
the price; the limit is not a metaphysical one, imposed by the compe- 
tition of sellers alone, as Mr. Thornton would have us believe, aud as 
ne directly sayselsewhere. We must bear in mind that My. Thornton 
has been partially approved by Mill and Prof. Cairns, in considering 
the weight of his theories. In the relations of capital and labor, he 
assumes that capitalsts have the same control of the market-price of 
labor which he coneeives sellers to have in ordinary trade; hence the 
necessity of trades-unionism to resist this control, which could not be 
governed by the economical forces of the market; and hence the 
above formula of supply and demand. Mr. Warren’s error is essen- 
tially the same. In his view,,the price of labor is regulated by a meta- 
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physical entity, which is not the relation of the labor-supply to the 
general market and demand, but is a result of “the want or suffering 
of the community.” To overcome tbis entity he would revolutionize 
trade and production, abolish profit, and base every transaction on its 
cost in labor, without regard to the results of that labor. 

Now, as I understand supply and demand in the market, they are 
not dead-weights of matter, like a rock crushing my finger; they are 
forces like the gravitation controlling the rock, and which I must 
recognize if I would keep my finger whole and escape mental distress, 
These forces affect laborers and capitalists, producers and consumers 
alike, and they are the strongest influence in fixing market-prices, In 
fact, we may consider them the only forees present and active when 
the selling price is fixed. Allother forces must have been transmuted 
before price can be fixed. It is not easy to comprehend these forces, 
for Prof. Cairns, while saying’ “demand and supply are essentially 
the same phenomena regarded from different points of view, conse- 
quently general demand cannot increase or diminish except in con- 
stant relation with general supply,” yet says also they are “ not inde- 
pendent economic forces.” Mr. Mill says: ? 


“Demand and supply—the quantity demanded and the quantity supplied— 
will be made equal. If unequal at any moment competition equalizes them, and 
the manner in which this is done is by an adjustment of the value.” 


Yet every merchant knows that competition is only one of many 
elements which enter into an “equation” of supply and demand. I 
dwell on this, not to show the differences of professional economists, 
but to illustrate the subtlety of these controlling influences of the mar- 
ket-price of labor and commodities. These influences are quite be- 
yond the comprehension of a trades-union as such. We may say a 
powerful union would employ a leader of great capacity, who would 
construe these influences properly; but the very process which made 
him a union-leader would unfit him for a judge of the markets. A 
general can lead an army to victory; but generals, as a class, have 
been poor judges of national policy, in war or peace. The union- 
leader may extort an advance of wages through the force of his fol- 
lowers. But this advance in price must be converted into permanent 
exchange value in order to be of benefit to the laborer. One possible 
element of this value is the very labor of the unionists themselves 
while they were striking for the advance; or the advance may have 
carried the products out of relation to all other values. The only 
solvents of these delicate problems are the principles of supply and 
demand I have stated. They must be interpreted by social agents 
with the highest faculties and the best power of discrimination. If 
society proves one of these men and finds him trustworthy, it must 


1“ Principles of Political Econmy,” p. 42. 
2“ Political Economy,” vol. i., p. 551, American edition. 
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keep him and allow him full play. Like tea and wine tasters, they 
must not be argued with nor forced into unnatural decisions by the 
power of numbers. If it be said that a unionist ean perform this deli- 
cate social duty, let us hear what Mr. Thornton ' says in this regard: 

“ They ” (trades-unions) “ tell us plainly what they aspire to is ‘control over 
the destinies of labor;’ that they want not merely to be freed from dictation, 
but to dictate—to be able to arrange the conditious of employment at their own 
discretion.” 


Mr. Applegarth, one of the most accomplished unionists, says: 

“The business of the employed is to look after their own interests, leaving 
employers, customers, and the rest of society, to look after theirs and to shift for 
themselves as they best may.” 


Firm associations of employers promote the highest economical ends 
no better when they antagonize the market, or society economically 
considered. The notion long prevailed in trade and manufactures, 
that advantages and profits should be secured through monopolies 
and arbitrary control of the markets. Modern society has abandoned 
this theory; has forced employers and sellers into a larger view of 
their own interests through social obligation; and it will compel 
labor-organizations toward the same end by irresistible social laws. 
Mr, Thornton admits this principle in another form, for he constantly 
says the close organizations of laborers are now compelling absolute 
combinations of the employers to oppose them, and that these latter 
must surely prevail. Yet he regards the struggle as necessary, and 
the only means of bringing order and justice out of clashing class 
antagonisms. Jlowever this may be in England, and it is not our 
business to inquire, in America the principle does not and cannot 
prevail. European civilization has left but one citadel to the few, in 
their opposition to the many. Chieftainship, social prestige, money, 
all pass away from a class if its individual members are not true to 
its instincts. One fortress remains, where, intrenched by law, the 
privilege of classes can hold all assailants at bay, and can repair the 
unthrifty ravages of reckless individuals. Land, the final reservoir 
of natural advantage, the sure protector of privilege, is, in Europe, 
practically beyond the reach of the many. In England, the country 
of greatest abundance, capital ventures itself commercially not below 
five to ten per cent., while it rests content in land at two per cent. 
This petty profit shows contrariwise the immense power and value of 
land. In our country it is practically free; the Government gives a 
homestead on the open prairie, or, if that be too distant and uncer- 
tain, the laborer, riding one hundred miles by rail from a crowded 
district in New England, can find cheap, fertile lands, with homestead 
buildings abandoned and decaying. It is impossible for one class to 
oppress another long, while these doors open freely outward to the 
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great advantages of Nature and land, If, according to Mr. Thornton’s 
theory, employers do not compete for, but combine against labor, or, 
if they do not compete forcibly enough, Nature does now, and must 
for centuries to come, open Ler arms to the sons and daughters of toil. 
It must be remembered that the thrilty laborer is always a capitalist 
here. The struggle is not between labor and capital, want and plenty ; 
it is between the employed with a little capital and the employer with 
mere. I throw out of the estimate the improvident and reckless; if 
socialists or unionists have discovered a method which will give these 
classes an even chance, they have found a principle which Omnipo- 
tence itself has never ventured to put in practice. 

If these principles be true, one way ask, Why do we have strikes 
or discontented laborers in America? JT answer, they are the diseases 
of health; inflammations come from turgid arteries as well as from 
sluggish veins, Onr abounding lite has compelled an eager competi- 
tion among employers. Employers have invariably tended to over- 
production, as capitalists know to their cost. Strikes have hardly 
ever advanced the price of labor; they have never long increased its 
exchange value, as I indicated above. There is very little commu- 
nistic sentiment in the United States, but many socialistic theories of a 
vague sort. That astute public servant, General Butler, would hardly 
be found uttering such nonsense, if it were not wanted in the socio- 
political market. The “glittering generality” of equality has par- 
tially corrupted the good sense of the citizen; enly in part, but the 
effect is positive. Things are free, they say; why not have a better 
chance for all? Not through communism; property is both new and 
old here; it is sacred as a treasure, and dear as a newly-born babe in 
Anglo-American eyes. Let there be new property; give us all a new 
chanee ; the bird of freedom is so’tarnally strong, why not roast-beef 
and two dollars a day? The American love of speculation tends in 
the same direction, 

Then there is another principle moving in harmony with this. In 
great emergencies, when the state or social order is threatened, every 
American citizen becomes great, and views the State as belonging to 
all. In petty affairs, and every-day political matters, the average 
citizen, small capitalist as well as laborer, views the State as be- 
longing to the many considered apart from the few. “The rich have 
enough; let the poor of the State lean to us,” they would say. This 
blind instinct has entered into strikes and labor-struggles. 

The agitators felt that in some way the masses would win, the 
constable’s elub would wait on the bayonets, and the militia would 
sway with the voters for the poor and against the rich; therefore a 
striker might knock a peaceful laborer on the head with impunity. 
The common-weal feeling, the American union sentiment as Mr, Was- 
son puts it, “the sovereignty of rational obligation,” must stamp out 
this atrocious delusion. J regard this issue of fact in the late Fall 
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River strike as the best and almost the only good principle estab- 
lished there. The municipal and military power promptly restored 
order and left the trades-unionists their peaceable and natural powers 
of resistance, all which any association of this sort can legitimately 
claim, 

The fundamental truths eannot be too deeply impressed on both 
employers and employed. Let no employer busy himself in politics 
or jurisprudence, about unionist combinations or eonspiracies. We 
have laws enough now, if we will obey and enforce them. If any 
striker or unionist trespasses on the rights at common law of his em- 
ployer or brother laborer, punish him with humane haste and com- 
passionate severity. One labor-leader says an employer has no more 
right to discharge a man than to dungeoa him. That is their busi- 
ness individually, and ean only be controlled by the larger social and 
nobler instincts of humanity. If laborers choose to starve rather than 
work for less wages, or employers choose to rust ont their mills rather 
than take less profits, let them. It is not the business of organized 
associations to interfere. Not even the State, the greatest of all asso- 
ciations, ean control this complication. The issne lies among the 
great seething forees of the market indicated above; they are both 
economical and social, any external pressure will only aggravate the 
difficulty. 

There can be only one legitimate power in an American labor asso- 
ciation assuming to control the employed; that, in the famons words 
of Adam Smith, is the power of “higgling the market.” On every 
other side its action is hedged by great social limits which I have 
indicated rather than stated. This, like friction in mechanics, is a 
necessary function, but is attainable by other means, and is it worth 
the social cost involved in associations using all the methods of a 
despotism? The general rise in wages has been equal, in countries 
unvisited by trades-unions, to that obtained in England, as Mr, Bras- 
sey has shown, 

Higgling prices through combination is not a creative force, it is 
a negative accessory to creative faculties. It involves tremendous 
waste of social and economical forces. To quote Thornton (pages 
344-346): 

“A bricklayer’s assistant, who by looking on has learned how to lay bricks 
as well as his principal, is generally doomed nevertheless to continue a laborer 
for life.” . . . Bricks beyond Lancashire are excluded. ‘To enforee the ex- 
clusion, paid agents are employed; every cart of bricks coming toward Man- 
chester is watched, and, if the contents be fonnd to have come from without the 
prescribed boundary, the bricklayers at once refuse to work. ... A master- 
mason at Ashton obtained some stone ready polished from a quarry near Mac- 
clesfield. His men, however, in obedience to club rules, refused to fix it until 
the polished part had been defaced, and they had polished it again by hand, 
though not so well as at first! ... On the importation of worked stone into 


Barrow, the lodge demanded first that the bases should be worked over again; 
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secondly, when this was refused as an impossible interference with the archi- 
tects’ design, that as much time as would have been reqnired to rework them 
should be occupied by the Barrow masons in standing over them,” 


These are not mere caprices and fancies, they are the eertain aber- 
rations which misdirected, arbitrary power must cause. 

This power of yagary is even more dangerous politically than it 
is in the industrial world. The eight-hour league lately attempted to 
canvass in favor of Randall for Speaker. What business has a labor 
league, an Odd-Fellows’ lodge, or a Methodist church, as such, in the 
election of an officer of the United States Government? Let them 
consider Shuy’s insurrection, the slavery rebellion, and Know-Noth- 
ingism, both in its success and its failure. 

Politically the genius of America welcomes every individual waif, 
allows him all liberty of political association or agitation; and he may 
make social or industrial combinations at will, Let any one of these 
extra-political associations Lift a finger to interfere with a fold of her 
political garment, and she will crush it under a step heavier than the 
tread of Roman legions; she will smite it with an arm swifter and 
mightier than the embodied power of feudal or constitutional mon- 
archies ! 

I would not deny the right of the individual laborer to “strike” 
when he is wronged beyond endurance. This inheres in him, like the 
right of revolution in the citizen—a dangerous power, only to be 
evoked in dire need, it cannot be formulated socially. As political 
order binds the citizen, so contract, that mystic sacrament of civiliza- 
tion, must ever hold the laborer fast; it can only be overcome by bit- 
ter injustice, 

It may be said that trades-unionism, though vicions in direct 
influence, may enlarge the laborer through indirect social action. We 
must remember that the laborer here has social opportunities unknown 
in Europe. The freemasons, militia companies, Patrick’s brother- 
hoods, and Gcod Templars, all found themselves on broad and beneyo- 
lent ideas; higgling prices, the one effective force of a trades-union, 
ean hardly equal these ideas in elevating the laborer. Going back to 
our characteristics of American citizens, it is not to be imagined that 
we lost all traces of old social groups becanse we did not represent 
‘them in our political organizations. The individual had become sufii- 
ciently socialized to be the unit of state, yet he did not lose all his- 
toric antecedents. The old groups show their traces in the American 
as well as in the Italian, German, and Englishman, We have not 
‘changed social laws, but given them new elasticity. Water cannot 
be water unless it intermingles freely with air. Society must refresh 
itself with new individnal units, always moving, always classifying, 
always mingling unit and group again, like drop and stream, cloud 
and sea, water and air. Trades-unionism, and all socialism, in so far 
as it trenches on the State, is a backward step in this American prog- 
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ress, They clasp rigid fetters on movements which were becoming 
more supple and clastic. AH social organisms are finally parts of the 
State, that tangible divine power, the right arm of God in his rela- 
tions with men. ‘There can be no true functions of association which 
tend to embarrass the free development of the State—the association 
of associations. 


 ——— 


MODERN PUILOSOPILICAL BIOLOGY. 
By Dr, E. CAZELLE. 
TRANSLATED FROM THE FRENCH BY J. FITZGERALD, A. M. 


I. 


IOLOGY, or the science of life, is so new a subject of investiga- 
tion that its limits are as yet imperfectly ascertained. Meta- 
physical ideas have too large a place in our conception of its extent, 
When we ask where biology commences, we are met by the problem 
of the origin of living things, which very often is solved in accordance 
rather with preconceived opinions of the system of the universe than 
with an independent scientific hypothesis. When we would determine 
its limits, we are met by the problems of cognition, and of the causes 
determining man’s actions; and again usually it is unscientific preju- 
dices that decide whether these problems should be referred to another 
science, or treated under a subdivision of biology; whether we should 
range, alongside with phenomena which unquestionably belong to bi- 
ology, those other phenomena which experience shows us to be closely 
connected with them, associated with them, and which are in such 
constant ratio with them in their variations that they appear to de- 
rive from them, and from no other souree, the conditions of their ex- 
istence, The indecision as to the limits of biology results principally 
from the difficulty of giving a strict definition of its subject-matter. 
Still, in spite of these difficulties, though we cannot say precisely 
what life is, where its province commences, where it ends, there exists 
between the two extremes—the inorganic world and the mental world 
—a very firm ground, imperfectly explored, it is true, but neverthe- 
less belonging to biology alone. The various departments which con- 
stitute this domain, though they themselves are not all very clearly 
defined, are sufficient to give to biology a definite individuality. 
Living things present themselves to the observer of Nature as in- 
dividuals ; and it was not long before man began to regard them from 
another point of view, as forming groups of similar individuals more 
nearly allied to one another than to individuals in other groups. At 
first these groups were held to be natural ; next it was asked whether, 
like individuals, they had a history—a beginning and an ending. 
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This question, as being one that strikes the imagination, naturally arose 
even before science possessed the means of settling it, and preceded, 
in the historical order, that thorough study of individuals on which its 
solution really depends, When men of science had begun to study 
living things with other purposes than simply that of deriving from 
them knowledge that would be available for the medical art, and had 
gamed sufficient information for inductive generalizations, they no 
Jonger contented themselves with theories of the origin of groups, but 
sought to reduce to general principles the structure of living bodies— 
a thing which previously had been cousidered only from the topo- 
graphical point of view, and with reference to what was called the use 
of the parts; and on these general principles they sought to rest a 
scientifie theory of the origin of vatnral groups. 

A man of keen and powerful intellect, who, had he but lived in our 
time, would have attained the suminit of fame, with marvelous acu- 
men anticipated a doctrine which is steadily tending to become a re- 
ceived scientific theory, viz., that the changes which have occurred in 
Nature are the effects of constant natural laws. Applying this idea 
to the natural groups of the animal kingdom, he rejected the hypothe- 
sis which ascribed to geological catastrophes the destruction of entire 
faunw, and the preparation of the earth’s surface for a fresh special 
creation. The transformation of lower organisms into higher he re- 
ferred to the action of modifications which, though in themselves in- 
considerable, became important from repetition and long accumulation, 
under the influence of forees whose powers he exaggerated. Species 
and yaricties he regarded as artificial groups. According to him the 
very simplest organisms are derived, by way of spontaneous genera- 
tion, from naturally-produced plastic substances; then they mutually 
diverged by imperceptible differences, so as to constitute a linear serics, 
which, but for the gaps caused here and there by lost species, would 
present to us the aspect of a continuous system, Under favoring cir 
cumstances the organs of an animal are modified; a change in the 
circumstances causes changes in the structure of the individuals be- 
longing to a species, and is the starting-point for the formation of a 
new species. Crossing, by producing hybrids, still further multiplies 
the number of species. And species appear to be fixed, simply beeause 
the circumstances appear to be similarly fixed during the brief period 
embraced in our observations, Transformation is the rule, and in the 
recular course which it runs we can diseover no indications of plan or 
purpose. 

The ideas of Lamarck, being but ill supported by positive proofs, 
were looked on as mere speculations, plausible but doubtful, or even 
as dreams, unworthy of svience; his generalizations were discredited, 
and even now, when they reappear, backed by a powerful array of 
facts, but few cver think of giving duc honor to their author. 

The attempts made at the same period to form generalizations 
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with respect to the constituent parts of the living individual were 
more suecessful. It was not cnough to know in a general way that 
the phenomena observed in living things are in the last resort the 
same in kind as those which are known as physico-chemical, and that 
they obey the same laws. Between the phenomena of living things 
and those of inanimate Nature there existed too wide a chasm; there 
was no way of passing, deductively, from physico-chemical laws to 
vital phenomena, and the scientific explanation of organic forms and 
of functions was of necessity defective. The author of the “ Anatomie 
générale” simply recognized in organs various elements, which he 
grouped in families, with a view to define, under the general name of 
tissues, the basis of their strueture. Jn these elements he recognized, 
independently of their physical and chemical properties, special prop- 
erties which he justly denominated vital, inasmuch as if is by them 
that life manifests itself, and which are, properly speaking, the function 
of these elements. Bichat’s generalizations were, doubtless, in his own 
mind, in opposition to the theory which refers vital phenomena to 
physico-chemical properties; in point of fact, they have established a 
relation between functional facts and the general properties of matter. 
The functional facts of organs are explained by the elementary prop- 
erties of the tissues; and the latter, though we cannot as yet refer 
them to physico-chemical properties, are, nevertheless, brought into 
remarkably close relation with them through our modern ideas of the 
constitution of organic substances and the principle of the equivalence 
and transformation of forces, 

Still, these relations could not be perceived prior to the discovery 
of the relations which eonnect organisms and their tissues with exter- 
nal forces possessed only of physico-chemical properties; and this 
conception dates from a time long after Bichat’s day. We have rea- 
son for believing that the part assigned by Lamarck to the action of 
external circumstances upon organisms first suggested this conception, 
owing to one of those mysterious operations of the mind which, ont 
of an idea vaguely descricd, and even, perhaps, not accepted in the 
form in which it first presented itself, forms a nucleus around which 
experience and reasoning group proofs, and which the inventive faculty 
develops under the form of a doetrine apparently brand-new. The 
doctrine of the action of “general external modifiers,” which Blain- 
ville sets forth summarily in his “Cours de Physiologie générale ect 
compar¢e,” by no means possessed, even in his own mind, all the im- 
portance it later assumed in science under the name of “doctrine of 
media,” after Auguste Comte had given it so prominent a place in his 
“Biologie.” But, by bringing upon the seene the action of external 
circumstances upon the sum total of a Hving organism, and by calling 
attention to the effects they produce therein, whether as stimulating 
or reviving the functions, or as suspending the same, Blainville pre- 
pared the way for a better interpretation of vital phenomena; and 
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though he himself, with all this light, did not attain to the truest eon- 
ception of life, he nevertheless broke ground for those who afterward 
were to do so, 

In inore recent times biology has been enriched with an enormous 
amount of faets for which we are indebted to the labors of natural- 
ists, or even of mere breeders, as also to the labors of anatomists and 
clinicians, but, above all, to researches in experimental physiology, 
wherein the application of physical-science methods to the discovery 
of the laws of vital phenomena has been attended with brilliant suc- 
cess. Amid the extreme complexity of these phenomena it was diffi- 
cult to perceive the relations of suceession which unite them, and to 
establish positive series. But when men of science refused any longer 
to content themselves with observing them as they occur spontane- 
ously, and began to vary them by calling in the action of special 
agents, then modifieations were produced, the true eauses of which 
were easily reeédgnized. As in the study of inorganic bodies we 
learned the laws of their actions and combinations by secking to find 
out with the aid of reagents—which are, in fact, special modifiers— 
the way in which they behave under circumstances that are well 
known, being fixed beforehand by the observer; so, in the study of 
living bodies, the introduction of experimentation which alters, ac- 
cording to a plan determined beforehand, the conditions under which 
the funetions of life are to be performed, has enabled us to perceive, 
with an exactitude previously unknown, the organic properties under- 
lying these functions. Even in embryogeny, a science which once 
seemed to belong to the domain of simple observation, it has been 
possible, by way of experimentation, to gain results which shed some 
light upon teratology. The employment, in observation, of instru- 
ments of preeision, and in particular of registering apparatus, and of 
all those processes which suppress canses of error resulting from the 
personal peculiarities of the observer, gives to the results of research 
a degree of certitude which renders indisputable facts properly so 
called, the only question that remains being as to whether these re- 
sults have been rightly or wrongly interpreted. In addition to an 
immense amount of unquestionable faets, in addition to a knowledge 
of the elementary properties of orgauie tissues and an acquaimtance 
with the special laws which represent the action of these tissues in 
presence of these modifiers, this general result has followed the con- 
quests of biology, namely, that living bodies are now known to be 
subject to the self-same Jaws which govern inorganic bodies, and that, 
under the hand of the experimenter, the course of things withm the 
tissues is precisely the same as without the tissues; that in the labo- 
ratory the elements of living bodies, like those of inanimate things, 
have their own way of affecting the mind that observes them—that is 
to say, they possess fixed essential properties which can be determined ; 
and what remains yet to be known is, above all, the mode in which 
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those organic substances are formed which are the basis of living 
bodies. The belief which from day to day is gaining confirmation 
from the labors of physiologists is that so boldly expressed by Claude 
Bernard, viz., that as the chemist, starting with the knowledge of in- 
organic bodies, subjects them to his will and creates new bodies, so the 
physiologist, starting from organie matter, “by imposing upon it 
special conditions, will be able to produce new physiological modifi- 
cations and new series of phenomena, thus modifying at will living 
bodies, and even creating them.” 

At the same time, by comparing and analyzing the different 
branches of biology, certain very general laws have been established, 
particularly in physiology proper, having a bearing upon the develop- 
ment of the individual and the relations of the functions to their or- 
gans. We are in possession of a certain number of very broad though 
purely empiric generalizations on the phenomena upon which the supe- 
riority of living things over one another depends. These are, properly 
speaking, laws of organic Nature. 

First, we have the law of the increase of the mass of the organism, 
in virtue of which each living thing attains its full development only 
by passing through a series of phases characterized by an augmenta- 
tion of its mass, and consequently by an augmentation of the quantity 
of force applicable for its physiological actions, as also by an augmen- 
tation of the quantity of functional products. 

Then there is the law of the multiplication of parts in proportion 
as we ascend in the series of living things, this multiplication being 
determined by an increase of complexity in the organic machine, in 
virtue of the diversity both of the functions which make their appear- 
ance and of the organs which result from this diversity of functions, 

Again, we have the law of codrdination and subordination of fine- 
tions and organs, in virtne of which, in proportion as complexity is in- 
troduced into the organism and as the functions and organs take on a 
more special character, certain functions and the organs performing 
them become dependent on other functions and other organs. Be- 
sides, a tie of solidarity is established between all the parts of the liv- 
ing body, so as to guide them toward a common end, the conserva- 
tion of the individual, while at the same time all of the parts feel the 
reverberation of the actions to which each is subject. 

Next comes the law of adaptation, in virtue of which an organism 
tends to be so modified as to seem to be specially created to suit the 
circumstances amid which it exists and the kind of life imposed npon 
it by them, This law is still, for many thinkers, the basis of ideas 
of final causes by means of which they strive to explain the structure 
of living things and the variations observed therein. 

Finally, there is the law of heredity, in virtue of which organisms 
produce new organisms which repeat their type. Ileredity is the law 
of fixity; it expresses the tendency to perpetuate a condition of things 
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which is itself the result of past environnients, and to set it np as a 
barrier against the influence of pew environments, 

Descending still deeper, scientific men have sought to explain the 
constitution of living things, their production, and the existence of 
the groups into which we find them divided. Hence three theories 
which have had different fortanes—the cellular theory, the doctrine 
of spontancons generation, and transformism, 

Schwann, applying to the animal organism Schleiden’s discoveries 
in vegetal organisms, showed that the tissues are formed of primor- 
dial, i. e., irreducible, elements, called cells, thongh often these cle- 
ments have no cavity and are simply rounded masses. The egg, 
which is the starting-point of all animal organisms, is at first merely 
a cell, and develops by producing within itself other cells, which are 
the primitive materials of the living being. All that the organism is 
comes ultimately from the cells, which are converted into lying tis- 
sues. They adhere to one another end to end, and become flattened, 
or lengthened, or ramified ; or they unite and form one common cavity, 
keeping their walls only at points where they are not in contact, thus 
forming tubes, or fibres, as, for example, in the histological elements 
of muscles and nerves. 

Some authors have explained the production of cells on the hy- 
pothesis of a true spontancons generation, According to them, cells 
are organized in a saline solution, the first step being the deposit of a 
nucleolus, around which there forms an envelope called the nuclens, 
and finally, at a greater distance, 2 second envelope, or cell-wall. 
But no actual experiment has ever been made on the production of 
cells in this way, and hitherto we have no knowledge of a cell being 
produced save from a cell. Of this famous theory so much yet re- 
mnains, viz., that the cell, whatsoever its form and whatever modifica- 
tions it may have received, is ever the basis of the vital phenomena. 


“One only elementary form” (says Virchow) “rans through the whole or- 
ganic world, remaining ever tho same; in vain would we attempt to substitute 
any thing else for it; there is nothing that can take its place. We have come 
to regard even the lighest formations, whether plant or animal, as being the 
sum of a larger or smaller number of like or unlike cells. The tree represents a 
mass put together aceording to a certain law; each of its parts, leaf or root, 
trunk or flower, contains cellular elements. The same is true of the animal 
world. Kuch animal represents a sum of vital units, every one of which has in 
itself the perfect characters of life. . . . The higher organism, the individual, is 
always the result of a sort of social organization, of the union of sundry clements 
combined ; it is a mass of individual existences, dependent on each other, though 
their dependence is such that each clement has its own proper activity; so that, 
whatever impulse or excitation other parts may give to the element, the result- 
ing function nevertheless emanates from the clement itself, and is its own.” 


The question as to how living bodies are produced gave rise, a few 
years ago, to discussions which have again brought to the surface a 
7 oy) o oD 
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doctrine which was supposed to have been disproved two hundred 
years sinee, and which reappeared in the last century only to be as- 
sailed with Voltaire’s sareasms. JI mean the theory of spontaneous 
generation, so called—a self-contradictory phrase, by which it was 
intended to assert that organisms are produced out-and-out without 
the aid of parents resembling them. While admitting that genera- 
tion, sexual or asexual, is the mode of reproduction found among ani- 
mals possessed of complex structure, the partisans of spontaneous 
generation held, on the strength of their experiments, that certain 
very low organisms might be developed spontaneously, without spe- 
cific germs, in infusions of organic substances. But though in this 
dispute experiment has given no definitive verdict—nor, indeed, was 
such verdict to be expected—still, all the probabilities are on the side 
of those who assert the universality of generation by means of germs 
developed in the parents; and, in the absence of experimental demon- 
stration, we are not without theoretic arguments against the spon- 
taneous generation of the comparatively high organisms developed in 
infusions. If this doctrine is to he retained, it is not for the purpose 
of explaining the formation of organisms, a thing well enough ex- 
plained without it, but in order to account for the production of really 
primitive living things—i. e., for the appearance of life in a fraction 
of organic substance, whether this is still possible in our day, or 
whether it was possible only at a time when, under conditions un- 
known to us, organic substance originated upon the earth, Thus 
stated, the question does not depend on experimentation ; it becomes 
a mere exercise of the imagination, and the result is valueless. 
Whatever is to be thought of the theory of the beginnings of life, 
one or more firs¢ living beings having appeared upon the earth, after 
the latter had become capable of supporting them, the question arises 
as to the transition from the primitive simplicity to the enormous 
degree of variety now existing. Here we have the problem of the 
crigin of species, which is solved by the theory of descent, sometimes 
denominated transformism. The old conception ot living Nature as 
an infinitely varied assemblage of organisms which faithfully copy cer- 
tain types, all of whose parts are governed by the law of final causes, 
in our time gives way, not without a fierce struggle, before a new 
conception, which represents living Nature as an infinitely varied as- 
semblage of organisms which are ever varying under the influence of 
external circumstances, while under the influence of heredity they 
tend to fix in a type the results of previous variations. At one time 
we have, as in breeding, artificial selection; at another time, as among 
people who have not yet discovered the laws of breeding, a selection 
that, though unsystematic, is none the less real; finally in Nature, with- 
out human intervention, a selection based simply on the conditions of 
existence. In natural selection, the action of which is by far the most 
general and powerful, the fixing of variations results from adaptation 
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to the existing couditions, This adaptation finds expression in the 
survival of the fittest in the struggle for life; that is to say, those in- 
dividuals continue to live and reproduce their kind whose structure 
enables them to undergo changed conditions without suceumbing, 
while others, because they cannot adapt themselves, perish, leaving 
no posterity, no trace of their having ever existed, save, perhaps, in 
the geological strata of their epoch. The special advantage which 
has once insured the survival of an organism, while its congeners 
which possessed no such advantage perished, is fixed by heredity; it 
erows under the influence of that same law of survival which insures 
the upper-hand in the struggle for life to the organisms possessing the 
advantage in the highest degree; in virtue of the law of the codrdina- 
tion and subordination of parts and functions, it brings about in the 
whole organism very extensive modifications which insure its fixity ; 
and the sum total of the new characters becomes sufficiently stable to 
convey to the mind which observes it the impression of the persistence 
of forms and the existence of types, whereas in fact there exist only 
changes amid which there remain, in virtue of the law of heredity, 
traits of resemblance to a common ancestor or stock. 


Such are, in brief, the principal laws of biological phenomena, and 
the chief theories which have been devised for the purpose of assigning 
to them causcs. When, in order to establish or to impugn laws and 
theories so far-reaching as these, we can have recourse to direet 
experiment and observation, the mind is satisfied and its certitude 
reposes ob an immovable basis. But when a theory has to do with 
origins in the remote past, or even in the present, but inaccessible to 
experiment, our certitude rests on no solid foundation, In the ab- 
senee of experiment, we have to be content with opinions formed ac- 
cording to the rules of induction and of analogy, and possessing more 
or less probability. Among views of this sort, those appear to have 
greatest weight which, in their contexture and in the method of their 
formation, are most in harmony with those beliefs of which we are 
most certain; which rest on the same general principles; which, so 
to speak, are incorporated with our beliefs, so that, were they to suc- 
cum) to criticism, their fall would compromise the entire system. In 
other words, they must oceupy their own place ina gencral philosophy, 
there appearing as so many links in a chain attached, on the one 
hand, to laws and theories which account for them, and, on the other, 
to laws and theories which withont them cannot be explained, 

Could we look for this result from the only general system of 
philosophy which has existed down to the present day? Having been 
written at a time when the science of life had for its generalizations 
only conelusions from Bichat’s researches, the hypotheses of Gall, and 
the results of classification, that portion of the positive philosophy 
which treats of biology is too far behind the actual state of science to 
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serve as its guide; yet, owing to the largeness of the views there 
expressed, Auguste Comte gave to this work a comprchensiveness 
which enabled it to take in some of the great biological systems elab- 
orated in recent times, and one of his followers has recently declared 
that the sucecss of these doctrines does not impair the unity of the 
positive philosophy. It can also be truly said that, if those doctrines 
were to succumb, the positive philosophy would suffer no loss; and this 
proves that they have no connection with this philosophy, and that 
they ean receive no support from it. Still, in spite of this serious 
shortcoming of his philosophy, the services rendered by Auguste 
Comte are very great. He has given a better definition of life than 
the one then in vogue; he has perecived that life is a continuous 
chain of chemical facts, and to this doctrine he has given forcible ex- 
pression; he has illustrated, by judicious contrast, “the relations of 
the organism to the sodium in which it lives; he has stated with 
great precision the problem of the science of life, which consists in 
expressing in the least number of laws of the utmost generality the 
harmony which unites the organism to its medium by vital acts ; he 
has forcibly shown the close correlation which enables us to ier the 
function from the organ, and vice versa ; not to speak of a multitude 
of useful and profound considerations upon the structure of living 
bodies, on comparative anatomy, and on the physiology of the fune- 
tions of relation. But it was characteristic of Auguste Comte’s phi- 
losophy to bind together the parts of its system only by a purely logi- 
cal tie, and not atall by establishing relations between the phenomena, 
or by showing interdependency of laws. For him it was enongh, in 
order to assure to biology its place between physico-chemistry ana 
sociology, if on the one hand a knowledge of physical and chemical 
laws is necessary for the study of biological phenomena, and if the 
various classes of phenomena pertaining to these sciences really act 4 
part in the production of vital phenomena; and if, on the other hand, 
a knowledge of the life of relation in its highest aspects, i. e., in the 
cerebral apparatus, and the elementary intellectual and passional fac- 
ulties corresponding thereto, is an essential preliminary of the study 
of sociology. ence, the biological work of Auguste Comte has 
not per se had any great influence on researches of this kind. The 
general current of his philosophy has exerted a good influence in so 
far as it has disinclined men toward theological and metaphysical 
explications, But we cannot admit that Comte has founded a philos- 
ophy of biology fitted to inspire or to guide research. Biological re- 
search is still what it was before the positive philosophy became 
popular; it is still restricted to special points; and, thongh its spirit 
is becoming more and more positive, the reason is because in such re- 
search the imagination is brought more and more under subjection to 
the laws of scientific investigation. But, meanwhile, we see no indica- 
tions of philosophic purpose, no aiming to bring the restlts obtained 
under the dominion of a more comprehensive law. 
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It appears to us that, if a philosophy is to assume this 7é/e and to 
undertake the guidance of man’s thought and action, it must bring for- 
ward general principles of such breadth that they will apply to all 
orders of phenomena, from the simplest to the most eomplex—a sys- 
tem of laws codrdinated by deductive relations, and by its univer- 
sality expressing all the phenomena of the universe. Whether these 
general principles are given @ priort, as the intuitionists hold, or 
whether they are the abstract expression of an experience invariably 
and unconditionally repeated, at all events they must be such that 
from them all our scientific theories may be deduced; they must ap- 
pear in all our researches as the criterion of the truth of the results, and 
they must underlie all our anticipations of truth as the guiding prin- 
ciples. Canses, that is to say, the sum of the antecedent phenomena, 
whose joint action is necessary for the production of the consequent 
phenomenon, or effect, may be as diverse as vou please, nevertheless 
their relation to their effect will be expressed by the same general 
law. 

A philosophy of biology must reduce under these prineiples of 
philosophy all the truths furnished by experience in the various 
branches of investigation pertaining to that science; must explain 
them by these principles; must present them to us as necessary, and 
the contrary results as illogical and unphilosophical, so as to produce a 
twofold effect, viz., the highest possible harmony in the system of our 
knowledges, and an ever-strengthening confirmation of the general 
prineiples which are their abstract expression. We must demand of 
it a verdict upon doctrines respecting the constitution of the living 
individual and its origin and the constitution of the species to which 
the individual belongs, which verdict shal! oblige us to aecept these 
doctrines as corollaries of the same general principles from which the 
accepted theories of the other abstract seiences are likewise dedueed. 
Finally, we must derive from this philosophy of biology the assuranee 
that the generalizations which it offers to us are grounds upon which 
we can stand securely in our deductions—of course within the province 
of biology—respecting man and the human species, 

Mr. Herbert Spencer attempts something like this when he rests 
the laws of biology upon the theory of changes in the course of things, 
as set forth in his “First Principles.” The “Principles of Biology ” 
is the first application of his system of philosophy to a highly-complex 
order of phenomena. 

Tt will be well to give a sketch of Mr. Speneer’s whole system, so 
that we may better understand the meaning of the abstract terms he 
employs, and the relations between the general laws on which the sys- 
tem is based. We shall thus be in a position to appreciate the author’s 
application of his system to the more restricted field of biology. 

Underlying Spencer’s system we find the principle of the persist- 
ence of force, “the sole truth which transcends experience,” to which 
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“an ultimate analysis brings us down,” and on which “a rational syn- 
thesis must build up.” From this first prinerple come as consequences 
two correlative principles, viz.: uniformity of law, which is simply 
the persistence of the relations between forces, manifested under iden- 
tical forms and conditions; aud the principle of the equivalence of 
forces, inductively established within the last twenty years. The 
researches which resulted in the establishment of this principle rest 
implicitly on the persistence of force, inasmuch as they measure all the 
precedent forces, which have disappeared, and all the consequent forees, 
which have been produeed, by the aid of a unit supposed to be con- 
stant. If we add two other corollaries, the one relating to the diree- 
tion of motion in the line of least resistance, the other to the form of 
motion, which is always rhythmic, we have, with the principles of the 
continuousness of motion and of the indestructibility of matter (these 
representing under two correlative forms the principle of the persist- 
ence of force), the sum total of the primary truths which serve as a 
basis for knowledge in gencral. But these priuciples, however general, 
are only analytical truths; though they are essential to a philosophy, 
they do not constitute a philosophy. They are the laws of the action 
of forces separately considered. The universal synthesis which is to 
constitute philosophy must express the total operation accomplished by 
the codperation of these factors. The law which shall formulate this 
synthesis must be a law of the changes in forces under the two phases, 
matter and motion, by which they are manifested to us: it must be 
a principle of dynamics holding good both for the whole of the cos- 
mos, and for its every detail. The changes of an object are all pro- 
duced by new arrangements of the matter constituting it, and bya 
new distribution of the forces which belong to it. Their necessary 
direction is given in evolution in virtue of two principles, both of them 
corollaries of the primary principle of the persistence of force: the 
law of the instability of the homogeneous and the law of the multiplica- 
tion of effects. 

Every body tends to pass into 2 more heterogeneous state, because 
each of the units that constitute it is of necessity differently affected 
from the others by the combined action of the others upon it; because 
the resulting difference places each unit in different relations with the 
incident forces; finally, because these units, owing to their respective 
positions, cannot all receive the action of au external force in the same 
direction and with the same intensity. This law, which accounts for 
the commencement of the changes, accounts also for its continuance. 

At the same time a uniform external force, acting on a body, is 
there dispersed; acting on unlike parts, it breaks up into forces differ- 
ing in quality and intensity in proportion to the number and diversity 
of these parts. The same is to be said of each fraction of the force; 
the process of dispersion goes on increasing, and the result is ex- 
pressed by the law of the multiplication of effects. 
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By another law, flowing from the same primary principle, the parts 
of a whole diverge from one another in proportion to their diversity, 
and group themselves together in proportion to their resemblances, 
Motions that are alike in direction or intensity, acting on these parts, 
drive them in the same direction, and with the same velocity, whence 
results an ?ntegration of these parts, while those driven by motions 
unlike in direction or intensity go in different directions with differ- 
eut velocities, separate from one another, are disintegrated. This is 
the law of segregation, the application of which brings into promi- 
nence the heterogeneous character of the products of change, by giv- 
ing to their heterogeneity a clearer and more definite nature. 

Finally, we note another conseqnence of the persistence of force. 
Every change in an aggregation of sensible parts is conditioned by 
opposing forces, the one representing action, the other reaction; the 
one the tendency to change, the other resistance; their antagonism 
can end only when equilibrium has been established, by the dissipa- 
tion of the excess of the one force over the other. A body subject to 
any disturbance whatever, owing to a modification of its cireum- 
stances, tends toward equilibrium with its new circumstances ; and, as 
the different. forces acting on it have not the same intensity, those 
which are weaker soon find their equilibrium, while those which are 
stronger continue to give motion to the body, and then the latter pre- 
sents the spectacle of an aggregate whose parts are in an invariable 
ratio to each other, while the total aggregate is ever changing its rela- 
tions to external objects. his is equilibrium mobile, unstable equi- 
librium, and it serves as @ transition to a more perfect equilibrium, 
or else to a renewal of the internal movements which have already 
found equihbrium, ; 

The action of these laws of change of objects and their parts leads 
to two contrary results, according to the mode of distribution of the 
forees in action, We have evolution, i.e, change with integration 
of matter, dissipation of internal motion, increase of the number and 
diversity of the parts, whenever the external forces are not such as to 
break the bond which unites them; we have dissolution, continuous or 
discontinnons, i. e., a change with disaggregation of matter; absorp- 
tion of motion (which, becoming internal, drives the constituent units 
with greater velocity) and diminntion both of the numbers and of 
the diversity of the parts, whenever the external forces are sufficiently 
intense to destroy the cohesion of the aggregate and to restore to its 
parts their original independence. 

The work of Mr. Spencer in his “ Biology ” consists in referring to 
these general Jaws the generalizations obtained in the various parts 
of the domain of biology, and in discerning those which possess the 
character of necessity. This course has the twofold advantage of 
giving to these generalizations greater authority, and of introducing 
into a cotrdinated system of philosophy the science whose general- 
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ized truths they are. The “Principles of Biology ” is thus an attempt 
to explain the phenomena called vital, by general laws common to 
phenomena of every kind. 


[Zo be continued.) 


LESSONS IN ELECTRICITY.’ 
HOLIDAY LECTURES AT THE ROYAL INSTITUTION. 


By Proressor TYNDALL, F.R.S. 


I 
YECTION 1. ZIntroduction—Many centuries before Christ, it had 
been observed that yellow amber (eleAtron) when rubbed pos- 
sessed the power of attracting light bodies, Thales, the founder of 
the Ionic philosophy (xz. ¢. 580), imagined the amber to be endowed 
with a kind of life. 

This is the germ out of which has grown the science of electricity, 
which takes its name from the substance in which this power of at- 
traction was first observed. 

It will be my aim, during six hours of these Christmas holidays, 
to make you, to some extent, acquainted with the history, facets, and 
principles, of this science, and to teach yon how to work at it. 

The science has two great divisions; the one called “ Frictional 
Electricity,’ the other “ Voltaic Electricity.” For the present, our 
studies will be confined to the first, or older portion of the science, 
which is called “ Frictional Electricity,” because in it the electrical 
power is obtained from the rubbing of bodies together. 

Sec. 2. Historic Notes.—The attraction of light bodies by rmbbed 
amber was the sum of the world’s knowledge of electricity for more 
than 2,000 years. In 1600 Dr. Gilbert, physician to Queen Elizabeth, 
whose attention had been previously direeted with great success to 
magnetism, vastly expanded the domain of electricity. He showed 
that not only amber, but various spars, gems, fossils, stones, glasses, 
and resins, exhibited when rubbed the same power as amber. 

Robert Boyle (1675) proved that a suspended piece of rubbed 
amber, whieh attracted other bodies to itself, was in turn attracted 
by a body brought near it. He also observed the light of electricity, 
a diamond, with which he experimented, being found to emit light 
when rnbbed in the dark. 

Boyle imagined that the electrified body threw out an invisible, 
glutinous substance, which laid hold of light bodies, and, returning to 
the sonree from which it emanated, carried them along with it. 


1A course of six lectures, with simple experiments in frictional electricity, before 
juvenile audiences during the Christmas holidays. 
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Otto von Guericke, Burgomaster of Magdeburg, contemporary of 
Boyle, and inventor of the air-pump, intensified the electric power 
previously obtained, Ife devised what may be called the first electrical 
machine, which was a ball of sulphur, about the size of a child’s head, 
Turned by a handle and rubbed by the dry hand, the sulphur-sphere 
emitted light in the dark, 

Von Guericke also noticed that a feather, having been first at- 
tracted toward his sulphur globe, was afterward repelled, and kept 
at a distance from it, until, having touched another body, it was again 
attracted. Ile also heard the hissing of the “electric fire,” and ob- 
served that a body, when brought near his excited sphere, became 
eleetrical and eapable of being attracted, 

The members of the Academy del Cimento examincd various sub- 
stances electrically. They proved smoke to be attracted, but not 
flame, which, they found, deprived an electrified body of its power. 

They also proved liquids to be sensible to the electric attraction, 
showing that when rubbed amber was held over the surface of a 
liquid, a little eminence was formed, from which the liquid was finally 
discharged against the amber, 

Sir Isaac Newton, by rubbing a flat glass, caused light bodies to 
jump between it andatable. THe also noticed the influence of the 
rubber in electric excitation. Jlis gown, for example, was found to 
be much more effective than a napkin. Newton imagined that the 
excited body emitted an elastic fuid which penetrated glass, 

Dr. Wall (1708) experimented with large, elongated pieces of 
amber. Ife found wool to be the best rubber of amber. “ A prodi- 
gious number of little cracklings” was produced by the friction, every 
one of them being accompanied by a flash of light. “This light and 
crackling,” says Dr. Wall, “seem in some degree to represent thunder 
and lightning.”* This is the first published allusion to thunder and 
lightning in connection with electricity. 

Stephen Gray (1729) also observed the electric brush, snappings, 
and sparks. He made the prophetie remark, that “though these effects 
are at present only minute, it is probable that in time there may be 
found out a way to collect a greater quantity of the electric fire, and, 
consequently, to increase the force of that power which by several 
of those experiments, if we are permitted to compare great things 
with small, seems to be of the same nature with that of thunder and 
lightning.” ? 

Src, 8. Zhe Art of Experiment—We have thus broken ground 
with a few historic notes, intended to show the gradual growth of 
electrical science. Our next step must be to get some knowledge of 
the facts referred to, and to learn how they may be produeed and 
extended. The art of producing and extending such facts, and of 
inquiring into them by proper instruments, is the art of experiment. 


1 Philosophical Transactions,” 1708, p. 69. 2 Ibid., vol. xxxix., p. 24. 
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It is an art of extreme importance, for by its means we ean, as it were, 
converse with Nature, asking her questions and reeeiving from her 
replies. 

It was the neglect of experiment, and of the reasoning based upon 
it, which kept the knowledge of the ancient world confined to the 
attraction of amber for more than 2,000 years. 

Skill in the art of experimenting does not come of itself, it is only 
to be acquired by labor. When you first take a billiard-cue in your 
hand, your strokes are awkward and ill-directed. When you learn to 
dance, your first movements are neither graceful nor pleasant. By 
practice alone, you learn to dance and to play, This also is the only 
way of learning the art of experiment, You must not, therefore, be 
daunted by your clumsiness at first; you must overcome it, and ac- 
quire skill in the art Jy repetition. 

By so doing you will conie into direct contact with natural truth 
—youwill think and reason not on what has been said to you in books, 
but onavhat has been said to you by Nature. Thought springing from 
this souree has a vitality not derivable from mere book-knowledge. 

Suc. 4. Materials for Eeperiment.—aAt this stage of our labors 
we are to provide ourselves with the following materials: 

«. Some sticks of sealing-wax. 

}. Two picees of gutta-percha tubing, about eighteen inches long 
and three-quarters of an inch outside diameter. 

ce. Two or three glass tubes, about eighteen inches long and _ three- 
quarters of an inch wide, closed at one end, and not too thin, lest they 
should break in your hand and cut it. 

d. Two or three pieces of elean flannel, ea- 
puble of being folded into pads of two or three 
layers, about eight or ten inches square, 

e. A couple of pads, composed of three or 
four layers of silk, about eight or ten inches 
square. 

f. A board about eighteen inches square, 
and a piece of India-rubber. 

g. Some very narrow silk ribbon, and a wire 
loop, like that shown in Fig. 1, in which sticks 
of sealing-wax, tubes of gutta-percha, rods of 
glass, or a walking-stick, may be suspended. I 
choose a narrow ribbon because it is convenient 
to have a suspending cord that will neither 
twist nor untwist of itself. 

Tusually employ a loop with the two ends, 
which are here shown free, soldered together. Fig, 1. 

The loop would thus be unbroken, But you 
may not be skilled in the art of soldering, and I therefore choose the 
free loop, which is very easily constructed. 

VOL. VIL.—39 


610 THE POPULAR SCIENCH MONTHLY. 


For the purpose of,suspension an arrangement resembling a towel- 
horse, with a single horizontal rail, will be found convenient. 

h. A straw, £2’, Fig. 2, delicately supported on the point of a 
sewing-necdle iV, inserted in a stick of sealing-wax 1, attached below 
to a little circular plate of tin, In Fig. 3 the straw is shown ona 


larger seale, and separate from its needle. The short bit of straw in 
the middle, which serves as a cap, is stuek on by sealing-wax. 

?, The name of “amalgam” is given to a mixture of mereury with 
other inctals. Experience has shown that the efficacy of a silk rabber 
is vastly increased when it is smeared over with an amalgam formed 
of one part by weight of tin, two of zine, and six of merenry. A little 
lardis to be first smeared on the silk, and the amalgam is to be applied 
tothe lard, The amalgam, if hard, mnst be pounded or bruised with a 
pestle or a hammer until it is soft. You can purchase sixpennyworth 
of it at a philosophical-instrument maker’s, It is to be added to your 
materials. 


) N 


‘| A 
I", 
Fia. 3. 


k, Tshould like to make these pages suitable for boys without 
much pocketanoney, and therefore aim at economy in my list of 
materials, But provide by all means, if you ean, a fox’s brush, such 
as those usually employed in dusting furniture. 

Sec. 5. Zlectric Attractions.—Place your scaling-wax, gutta-percha 
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tubing, and flannel and silk rubbers before a fire, to insure their dry- 
ness. Be specially careful to make your elass tubes and silk rubbers 
not only warm, but hot. Pass the dried flannel briskly once or twice 
over a stick of sealing-way or over a gutta-percha tnbe. A very small 
amount of friction will excite the power of attracting the suspended 
straw, as shown in Fig, 2. Repeat the experiment several times and 
cause the straw to follow the attracting body round and round. Do 
the sane with a glass tube rubbed with silk. 

I lay particular stress on the heating of the glass tube, becanse 
glass has the power, which it exercises, of condensing upon its surface, 
into a liquid filn, the aqueons vapor of the surrounding air. This 
film must be removed. 

LT would also insist on practice, in order to render yon expert. You 
will, therefore, attract bran, scraps of paper, gold-leaf, soap-bubbles, 
and other Hight bodies, by rubbed glass, sealing-wax, and gutta-percha. 
Faraday was fond of making empty egg-shells, hoops of paper, and 
other light objects, roll after his excited tubes, 

Tt is only when the electric power is very weak that yon reqnire 
your delieately-suspended straw. With the sticks, tubes, and rnb- 
bers here mentioned, even heavy bodies, when properly suspended, 
may be attracted. Place, for instance, a common walking-stick in the 
wire loop attached to the narrow ribbon, Fig. 1, and let it swing hori- 
zontally. The glass, rabbed with its silk, or the sealing-wax, or gut- 
ta-percha, robbed with its flannel, will pull the stick quite round, 


Fie. 4. 


Abandon the wire loop ; place an egg in an egg-cup, and balance 
along lath upon the ege, as shown in Fig. 4. The lath, though it 
may be almost a plank, will obediently follow the rubbed glass, gutta- 
percha, or sealing-wax, 

Nothing can be simpler than this lath and egg arrangement, and 
hardly any thing could he more impressive. The more you work with 
it, the better you will like it. 

Pass an ebonite comb throngh the hair. In dry weather it, pro- 
duces a crackling noise; but its action upon the lath may be made 
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plain in any weather, It is rendered electrical by friction against the 
hair, and with it you can pull the lath quite round, 

If yon moisten the hair with oil, the comb will still be excited and 
exert attraction; but, if you moisten it with water, the excitement 
ceases; a comb passed through wetted hair has no power over the 
lath. 

After its passage through dry or oiled hair, balance the comb it- 
self upon the egg; it is attracted by the Iath. Yon thus prove the 
attraction to be aeuteal: the comb attracts the lath, and the lath 
attracts the comb, Suspend your rubbed glass, rubbed eutta-percha, 
and rubbed sealing-wax in your wire loop. They are all just as much 
attracted by the lath as the lath was attracted by them. This is an 
extension of Boyle’s experiment with the suspended amber. 

Ilow it is that the uneleetrified lath attracts, and is attracted by 
the excited glass, sealing-wax, and gutta-percha, we shall learn by- 
and-by. 

A very striking illustration of electric attraction may be obtained 
with the board and India-rubber mentioned in our list of materials. 
Place the board before the fire and make it hot; heat also a sheet of 
foolscap paper aud place it on the board. There is no attraction be- 
tween them. Pass the India-rubber briskly over the paper. It now 
clings firmly to the board. Tear it away, and hold it at arm’s length, 
for it will move to your body if it can. Bring it near a door or 
wall, it will cling tenaciously to either. The electrified paper also 
powerfully attracts the balanced lath from a great distance. 

The friction of the hand, of a cambrie handkerchief, or of wash- 
leather, fails to electrify the paper in any high degree. It requires 
frietion by a special substance to make the excitement strong. This 
we learn by experience. It is also experience that has tanght us that 
resinous bodies are best excited by flannel, and vitreous bodies by silk. 

Take nothing for granted in this inquiry, and neglect no effort to 
render your knowledge complete and sure. Try various rubbers, and 
satisfy yourself that differences like that first observed by Newton 
exist between them, 

Lay bare, also, the true influence of heat in our last experiment. 
Spread a cold sheet of foolseap on a cold board—on a table, for 
example. If the air be not very dry, rubbing, even with the India- 
rubber, will not make them cling together. But is it because they 
were Aot that they attracted each other in the first instance? No, 
for you may heat your board by plunging it into boiling water, and 
your paper by holding it in a cloud of steam. Thus heated they 
cannot be made to cling together. The heat really acts by expel- 
ling the moisture. Cold weather, if it be only dry, is highly favor- 
able to electric excitation. During the late frost the whisking of 
the hand over silk or flannel, or over a cat’s back, would have ren- 
dered it electrical. 
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The experiment of the Florentine academicians, whereby they 
proved the electric attraction of a liquid, is pretty, and worthy of 
repetition, Fill a very small watch-glass with oil, until the liquid 
forms a round ecrrved surfaec, rising a little over the rim of the 
glass, .A strongly excited glass tube, held over the oil, raises not 
one eminenee only, but several, cach of which finally discharges a 
shower of drops against the attracting class. 

Cause the excited glass tube to pass close by your face, with- 
out tonehing it. You feel, like Waukshee, as if a cobweb were drawn 
over the face. You also sometimes smell a peeuliar odor, due to a 
substance developed by the electricity, and called ozone. 

Long ere this, while rubbing your tubes, you will have heard 
? so often referred to by the earlier 
electricians ; and, if you have rubbed your glass tube briskly in the 
dark, you will have seen what they called the “electric fire.” Using, 
instead of a tube, a tall glass jar, rendered hot, a good warm rub- 
ber, and vigorous friction, the streams of electric fire are very sur- 
prising in the dark. 

Sec. 6. Discovery of Conduction and Insulation.—Here I must 
again refer to that most meritorious philosopher, Stephen Gray, In 
1729, he experimented with a glass tube stopped by a cork. When 
the tube was rubbed, the cork attracted light bodies. Gray states 
that he was “much surprised ” at this, and he “ concluded that there 
was certainly an attractive virtne conmanicated to the cork.” This 
was the starting-point of our knowledge of ¢lectric conduction. 

A fir-s(ick four inches long, stuck into the cork, was also found 
by Gray to attract light bodies. He made his sticks longer, but 
still found a power of attraction at their ends. He then passed on 
to packthread and wire. Ilanging a thread from the top window 
of a house, so that the lower end nearly touched the ground, and 
twisting the upper end of the thread round his glass tube, on Wriskly 
rubbing the tube, light bodies were attracted by the lower end of 
the thread. 

But Gray’s most remarkable experiment was this: He suspended 
along hempen line horizontally by loops of packthread, but failed to 
transmit through it the electric power. He then suspended it by 
loops of silk and succeeded in sending the “attractive virtue” 
through 765 feet of thread. Te at first thought the silk was effectual 
beeause it was thin; but, on replacing a broken loop by a still thin- 
ner wire, he obtained no action. Finally, he came to the conclusion 
that his loops were effectual, not because they were thin, but because 
they were silk. This was the starting-point of onr knowledge of 
insulation. 

It is interesting to notice the devotion of some men of science to 
their work, Dr. Wells finished his beautiful essay on “Dew ” when he 
was on the brink of the grave. Stephen Gray was so near dying, 


the “hissing” and “ erackling’ 
Po fo) 
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when his last experiments were made, that he was nnable to write ont 
an account of them, On his death-bed, and indeed the very day be- 
fore his death, his description of them was taken from his lips by Dr. 
Mortimer, secretary of the Royal Society. 

One word of definition will be useful here. Some substances, as 
proved by Stephen Gray, possess ina very high degree the power of 
permitting cleetricity to pass through them; other substances stop 
the passage of the electricity. Bodies of the first class are called cou- 
ductors ; bodies of the second class are called tnselutors. 

We cannot do better than repeat here the experiments of Gray. 
Push a cork into the open end of your glass tube; rub the tube, car- 
rying the friction up to the end holding the cork. The cork will at- 
tract the balanced lath, shown in Fig. 4, with which you have already 
worked so much, : 

Lut the excited glass is here so near the end of the cork that you 
may not feel certain that the observed attraction is that of the cork, 
You can, however, prove that the cork attracts by its action upon 
light bodies which cling to it. Stick a pen-holder inte the cork, and 
rub the glass tube as before. The free end of the holder will attract 
the lath. Stick a deal rod three or four feet long into the cork, even 
its free end will attract the lath when the glass tube is excited. In 
this way, you prove to demonstration that the electric power is con- 
veyed along the rod. 


Fis. 5. 


Src. 7. Further Inquiries on Conduction and Insulation.—A lit- 
tle addition to our apparatus will now be desirable. You can buy a 
book of “Dutch metal” for fourpence, and a globular flask like that 
shown in Fig. 5 for sixpence, or at the most a shilling. Find a cork, 
C, which fits the flask; pass a wire, IV, through the cork, and bend 
it near one end at aright angle. Stick by sealing-wax upon the other 
end of the wire a little plate of tin or sheet-zine, Z, about two inches 
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in diameter. Attach, also, by means of wax to the bent arm, which 
ought to be about three-quarters of an inch long, two strips, Z, of the 
Duteh metal about three inches long and from half an inch to three- 
quarters of an inch wide. The strips will hang down face to face, in 
contact with each other. In all cases you must be careful so to use 
your wax as not to interrupt the metallic connection of the various 
parts of your apparatus, which we will name an electroscope. Gold- 
leaf, instead of Dutch metal, is usually employed for clectroscopes. 
I recommend the “metal” because it is less frail, and will stand 
rougher usage. 

See that your globular flask is dry and free from dust. Bring 
your rubbed sealing-wax, 7?, or your rubbed glass, nea the little plate 
of tin, the leaves of Dutch metal open out; withdraw the excited 
body, the leaves fall together. We shall inquire into the cause of 
this action immediately, Practise the approach and withdrawal for a 
little time. Now draw your rubbed sealing-wax or glass along the 
edge of the tin plate, 7) The leaves diverge, and after the sealing- 
wax or glass is withdrawn they remain divergent. In the first experi- 
ment you communicated no electricity to the electroscope; in the 
second experiment you did. At present I will only ask yon to take 
the opening out of the leaves as a proof that electricity has been com- 
municated to them. 

And now we are ready for Gray’s experiments in a form different 
from his. Connect the end of a long wire with the tin plate of the 
electroscope ; coil the other end round your glass tube. Rub the 
tube briskly, earrying the friction close to the coiled wire. A single 
stroke of your rubber, if skillfully given, will cause the leaves to di- 
verge. The electricity has obviously passed through the wire to the 
electroscope. 

Substitute for the wire a string of common twine, rnb briskly, and 
yon will cause the leaves to diverge; but there is a notable differ- 
euce as regards the promptness of the divergence. You soon satis- 
fy yourself that the electricity passes with greater facility throngh 
the wire than through the string. Substitute for the twine a string 
of silk. No matter how vigorously you rub you can now produce no 
divergence, The electricity cannot get through the silk at all. 

Mr, Cottrell, who has been recently working very hard for you 
and me, has devised an electroseope which we shall frequently em- 
ploy in omr lessons. J, Fig. 6,is a little plate of metal, or of wood 
covered with tin-foil, supported on a rod of lass or of sealing-wax. 
Nis another plate of Dutch metal paper, separated about an inch 
from Jf, MN is a long straw (broken off in the fignre), and A A’ is 


'It is hardly neeessary to point out the meaning of Gray's experiment where he 
found that, with loops of wire or of packthread, he could not send the eleetricity from 
end to end of his suspended string. Obviously the electricity escaped in each of these 
eases through the condueting support to the earth. 
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a pivot formed by a sewing-needle, and supported on a bent strip of 
metal, as shown in the figure. By weighting the straw with a little 
wire near uV, you so balance it that the plate WV shall be just lifted 
away from .Z. The wire w, which may be 100 feet long, proceeds 
from J/ to your glass tube, round which it is coiled. A single vigor- 
ous stroke of the tube by the rubber sends electricity along wv to WW; 


Vis attracted downward, the other end of the long straw being lifted 
through a considerable distance. In subsequent figures you will see 
the complete straw-index, and its modes of application. 

A few experiments with either of these instruments will enable 
you to classify bodies as conductors, semi-conductors, and insulators, 
Ilere is a list of a few of each, which, however, differ much among 
themselves : 


Conductors. 
The common metals. Solutions of salts. 
Well-burned charcoal. Rain-water. 
Concentrated acids. : Linen. 


Living vegetables and animals. 


Semi-conductors, 


Alcohol and ether. Marble. 
Dry wood. Paper. 
Straw. 

Insulators. 
Fatty oils. Silk. 
Chalk. Glass. 
India-rubber. Wax. 
Dry paper. Sulphur. 
Hair. Shellac. 


This is the place to demonstrate, in a manner never to be forgot- 
ten, the influence of moisture. Assure yourself that your dry silk 
string insulates. Wet it throughout, and squeeze it a little, so that 
the water from it may not trickle over your glass tube. Coil it round 
the tube as before, and excite the tube. The leaves of the electro- 
scope immediately diverge. The eater is here the conductor. The 
influence of moisture was first demonstrated by Du Fay (1733 to 
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1737), who succeeded in sending clectricity throngh 1,256 fect of 
moist packthread. 

A little reflection will enable you to vary these experiments indefi- 
nitely, Rub your excited scaling-wax or glass against the tin plate 
of your clectroscope, and cause the leaves to diverge. Touch the 
plate with any one of the conductors mentioned in the list; the elec 
troscope is Immediately discharged. Touch it with a semi-conductor ; 
the leaves fall. as before, but less promptly. Touch the plate finally 
with an insulator; the electricity cannot pass, and the Jeaves remain 
unchanged. 


NATURAL EUTILANASIA.? 
By B. W. RICIARDSON, M.D., F.RS. 


Y the strict law of Nature a man should die as unconscious of his 
death as of his birth. 

Subjected at birth to what would be, in the after-conscious state, 
an ordeal to which the most erucl of deaths were not possibly more 
severe, he sleeps throngh the process, and only npon the subsequent 
awakening feels the impressions, painful or pleasant, of the world into 
which he is delivered. In this instance the perfect Jaw is fulfilled, 
because the carrying of it ont is retained by Nature herself: human 
free-will and the eaprice that springs from it have no intlucnee. 

By the hand of Nature death were eqnally a painless portion, 
The cycle of life completed, the living being sleeps into death when 
Nature has ber way. 

This pnrely painless process, this descent by oblivious trance inte 
oblivion, this natural physical death, is the trne enthanasia; and it is 
the duty of those we call physicians to secure for man such good 
health as shall bear him in activity and happiness onward in his 
course to this goal. For enthanasia, though it be open to every one 
born of every race, is not to be had by any save throngh obedience to 
those laws which it is the mission of the physician to learn, to teach, 
and to enforee. Euthanasin is the sequel of health, the happy death 
engrafted on the perfect life. 

When the physician has tanght the world how this benign process 
of Nature may be secured, and the world has accepted the lesson, 
death itself will be practically banished; it will be divested equally 
of fear, of sorrow, of suffering. It will come as a sleep. 

If you ask what proof there is of the possibility of such a consum- 
mation, I point to our knowledge of the natural phenomena of one 


' From “Diseases of Modern Life,” by Dr. B, W. Richardson, now in press of D. 
Appleton & Co. 
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forin of dissolution revealed to us even now in perfeet, though excep- 
tional, illustration, We have all seen Nutare, in rare instances, vin- 
dicating herself despite the social opposition to her, and showing how 
tenderly, low soothingly, how like a mother with her foot on the 
eradle, she would, if she were permitted, roek us all gently out of the 
world; how, if the free-will with which she has armed us were bronght 
into accord with her designs, she would give us the riches, the bean- 
ties, the wonders of the universe for our portion so long as we could 
reecive and enjoy them; and at last would gently withdraw us from 
them, sense by sense, with such impereeption that the pain of the 
withdrawal would be unfelt and indeed unknown. 

Ten times in my own observation I remember witnessing, with at- 
tentive mind, these phenomena of natural euthanasia, Without pain, 
anger, or sorrow, the intellectual faculties of the fated man lose their 
brightness. Ambition ceases or sinks into desire for repose. Ideas 
of time, of space, of duty, lingeringly pass away. To sleep and not 
to dream is the pressing, and, step by step, still pressing need; nntil 
at length it whiles away nearly all the hours. The awakenings are 
short and shorter; painless, careless, happy awakenings to the hum of 
a busy world, to the merry sounds of children at play, to the sounds 
of voices offering aid; to the effort of talking on simple topies and 
recalling events that have dwelt longest on the memory; and then 
again the overpowering sleep. Thus ou and on, until, at length, the 
intellectual nature is lost, the instinctive and merely animal functions, 
now no longer required to sustain the higher faculties, im their turn 
succumb and fall into the inertia, 

This is death by Nature, and when mankind has learned the truth, 
when the time shall ecome—as come it will—that “there shall be no 
more an infant of days, nor an old man who hath not filled his days,” 
this act of death, now, as a rule, so dreaded because so premature, 
shall, arriving only at its appoimted hour, suggest no terror, inflict no 
agony. 

The sharpness of death removed from those who die, the poignaney 
of grief would be almost equally removed from those who survive, 
were natural euthanasia the prevailing fact. Our sensibilities are 
governed by the observance of natural law and the breach of it. It 
is only when Nature is vehemently interrupted that we either wonder 
or weep, Thus the old Greeks, fathers of true mirth, who looked on 
prolonged grief as an offense, and attached the word madness to mel- 
aneholy, even they were so far imbued with sorrow when the child or 
youth died, that they bore the lifeless body to the pyre in the break 
of the morning, lest the sun should behold so sada sight as the young 
dead; while we, who eourt rather than seek to dismiss melancholy, 
who find poetry and piety in melancholic reverie, and who indulge 
too often in what, after a time, becomes the luxury of woe, experience 
a gradation of suifering as we witness the work of death. For the 
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loss of the child and the youth we mourn in the perfect purity of sor- 
row; for the loss of the man in his aetivity, we feel gricf mingled 
with selfish regret that.so mueh that was useful has ceased to be. 
In the loss of the aged, in their days of second childishness aud mere 
oblivion, we sympathize for something that has passed away, and for 
a moment recall events saddening to the memory ; but how soon this 
consoling thought sueeceds and conquers—that the race of the life 
that has gone was run, and that for its own sake the dispensation of 
its removal was most merciful and most wise! 

To the rule of natural death there are a few exceptions. Un- 
swerving in her great purposes for the miversal good, Nature has 
imposed on the world of life her storms, earthquakes, lightnings, and 
all these sublime manifestations of her supreme power which, in the 
infant days of the universe, cowed the boldest and implanted in the 
himan heart fears and superstitions which in hereditary progression 
have passed down even to the present generations. Thus she has ex- 
posed us all to accidents of premature death, but, with infinite wisdom, 
and as if to tell us that her design is to provide for these inevitable 
calamities, she has given a preponderance of nmuber at birth to those 
of her children who by reason of masculine strength and courage shall 
have most freqnently to face her elements of destruction. Further, 
she has provided that death by her, by accidental collision with herself, 
shall, from its very velocity, be freed of pain, For pain is a product of 
time, To experience pain the impression producing it must be trans- 
mitted from the injured part of the living body to the conscious centre, 
must be received at the conscious centre, and must be recognized by 
the mind as a reception; the last act leing in truth the conscious act. 
In the great majority of deaths from natnral accidents there is not 
sufficient time for the accomplishment of these progressive steps by 
which the consciousness is reached. The nnconsciousness of existence 
is the first and last fact inflicted upon the stricken organism: the 
destruction is so mighty that the sense of it is not revealed. 

The duration of time intended by Nature to extend between the 
birth of the individual and his natural enthanasia is undetermined, 
except in an approximative degree. From the first, the steady, 
stealthy attraction of the earth is ever telling upon the living body. 
Some force liberated from the body during life enables it, by self-con- 
trolled resistance, to overcome its own weight. For a given part of 
its eyele the force produced is so efficient that the’ body grows as well 
as moves by its agency against weight; but this special stage is lim- 
ited to an extreme, say of thirty years. There is, then, another pe- 
riod, limited probably also to thirty years, during which the living 
structure in its full development maintains its reststance to its weight. 
Finally, there comes a time when this resistance begins to fail, so 
that the earth, which never for 2 moment loses her grasp, commences 
and continues to prevail, and after a struggle, extended from twenty 
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to thirty years, conquers, bringing the exhausted organism, which has 
daily approached uearer and nearer to her dead self, into her dead 
bosom. 

Why the exeess of power developed during growth or ascent of 
life should be limited as to time; why the power that maintiins the 
developed body on the level plain should be Hmited as to time; why 
the power should decline so that the earth should be allowed to pre- 
yail and bring descent of life, are problems as yet unsolved. We 
eall the force that resists the earth vital. We say it resists death, 
we speak of it as stronger in the young than in the old; but we 
know nothing more of it really, from a physical point of view, than 
that while it exists it opposes terrestrial weight sufiiciently to enable 
the body to move with freedom on the surface of the earth. 

These facts we accept as ultimate facts, To say that the animal 
is at birth endowed with some reserved force, something over and 
above what it obtains from food and air, would seem a reasonable 
conclusion; but we have no proofs that it is true, save that the young 
resist better than the old. We must, therefore, rest content with our 
knowledge in its simple form, gathering from it the lesson that 
death, a part of the scheme of life, is ordained upon a natural term 
of life, is beneficently planned, “is rounded with a sleep.” 


—_—_4+4—___—_ 


SKETCH OF HERBERT SPENCER. 


ERBERT SPENCER was born in Derby, April 27, 1820. Ile 
comes of a race of pedagogues—his father, grandfather, and 
uncles, having followed the profession of teaching. He has written a 
book upon education, which some people think “ theoretical; ” but it 
was a product of experience, for he was himself subjected to much 
the same method as that he lays down in his work, 

The father of Mr, Spencer was a gentleman of fine culture, of 
engaging manners, and enlightened views which he carried into prac- 
tice as a teacher. Tle was strongly disinclined to the prevailing 
method of imparting knowledge and loading the memory with book 
acquisitions. Te believed that trne mental development can only 
come throngh selfinstruction, and he constantly encouraged his pupils 
to find things out for themselves. He held it to be of great impor- 
tunce to foster independence and originality of thought. He hence 
aimed to arouse feclings of interest, curiosity, and love of inquiry in 
the minds of the young, and then leave them to solve their own prob- 
lems. One of the objects he constantly sought to attain was to 
quicken and give scope to the constructive and inventive faculties. 
Ile was an excellent mathematician, but in dealing with this subject 
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he sought to seeure objeets not usually recognized in the method of 
this study. IIe prepared for the use of beginners a little manual en- 
titled “ TInventional Geometry,’ consisting of questions and preb- 
lems designed to familiarize the pupil with geometrical conceptions, 
and to exereise his inventive eapacity in actual and accurate eon- 
structions with the use of sumple instruments, 

It was in this disereet way, never crowding or cramming, but 
kindling his interest and leaving him much to himself, that Mr. ‘Spen- 
eer couducted the edueation of lis son. 

When Werbert was three years of age, his father’s health having 
broken down, he was compelled to give up his sehool, and removed to 
Nottingham. Tie here entered into the manufacture of lace by ma- 
chinery, which was just then the rage. 

Herbert was the only surviving child, and his health was so deli- 
cate that his parents had little hope ef raising him, Asa lad his 
health was not strong, although he was not ill; his constitntion being 
well balanced but not hardy. His father, fearing that he would give 
way under strain, did not press him to study, Three years were 
spent at Nottingham, in which the boy attended, for a short time, a 
common day-school kept by a mistress. 

When Herbert was between six and seven the family returned to 
Derby, but Mr. Spencer did not resume his school; he took to private 
teaching. The lad did not read until he was seven. The first book 
to whieh he was attracted was “ Sanford and Merton.” When, after- 
ward, he went to school, he was very inattentive and idle, haying a re- 
pugnanee to lesson-learning, and never reciting a lesson correetly that 
was learned by rote. He was, however, leniently dealt with, his father 
probably directing that he should not be urged. During boyhood he 
was greatly given to playing games, fishing, birds-nesting, country 
rambles, gathering wild fruits and mushrooms—all Saturday after- 
noons being turned to such purposes. Apart from school-studies, his 
father early led him into drawing, especially from objects. During 
this same period he encouraged him to keep insects through their 
transformations, and for years the finding and rearing of eaterpil- 
lars, the catching and preserving of winged insects were constant 
and enjoyed oecupations. He was also ineited to make drawings of 
these insects. He rarely made friends of bigger boys, being intoler- 
ant of any thing like bullying. But his father mentions the fact in 
one of his letters that the younger boys were very fond of him; im- 
plying, perhaps, that while he wonld not be imposed upon by his el- 
ders, he did not bully his juniors. The latter part of lis school-days 
at Derby was passed at a school set up by an unele who, also having 
rational ideas of teaching, earried ont his father’s views. Among 
some dozen or so of boys he was characterized as backward in things 
requiring memory and reettation, but as in advance of the rest in in- 
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telligence. Drawing from objects was here continued. They had 
some experimental lessons in mechanies, and Herbert took to reading 
a goad deal; Rollin’s “ Ancient Wistory” and many miscellaneous books 
being gone through. He found a very varied literature in his father’s 
house, Afr, Speneer, Sr, was Seeretary of the Derby Philosophi- 
cal Soeicty, and also member of a Methodist book-committee. Be- 
sides many works of different kinds, there came various periodicals 
and magazines—the Zanecet, the medical quarterlies, Athenmwm, 
Chambers’s Journal, volumes of travel, and occasionally eraver works. 
All these he habitually looked into as a boy, picking up medical, me- 
chanical, and various information. Mr. Spencer and his brothers, 
when they were together, habitually discussed all kinds of questions, 
political, ethieal, religions, and scientifie. All were liberal and inde- 
pendent thinkers—radicals when radicalism was unpopular. Both 
Mr. and Mrs. Spencer were brought up Methodists, but, during his 
boyhood, the father acquired so strong a repugnance toward the 
priestliness of the Methodist organization, that he early ceased to 
attend their services, and went to Quaker meeting—never adopting 
their peculiarities, but approving their unsacerdotal system, As his 
mother continued a Methodist, it resulted that on Sunday he went 
with his father in the morning, and with his mother in the evening. 
The enforced learning of hymns, and reading of chapters, at this 
time, produced a lasting repugnance to Seriptural language, 

Mr. Spencer encouraged his son in all kinds of little constructive 
operations, as carpentering, the making of his own fishing-tackle, ete. 
Readiness in manipulation was thus cultivated. During this period, 
Mr. Spencer from time to time had at the house assemblies of his pri- 
vate pupils to witness electrical, mechanical, and air-pump experi- 
ments. In these Herbert always assisted, becoming thus familiar 
with the facts, explanations, and practical manipulations, At the 
same time he made chemical experiments. Ie is reported as being 
much in disgrace as a disobedient boy, always more or less in hot 
water, which led to desponding anticipations of his future. 

At thirteen (1833) he was sent to his uncle, a clergyman, with 
whom he remained three years. This uncle, the Rev. Thomas Spen- 
cer, Rector of Hinton, was a cultivated scholar, who graduated with 
honors at Cambridge, He was a man of great liberality, advanced in 
his political views, broad in his theology, and the first clergyman of 
the Established Chureh to take a public and prominent part in the 
movement for the repeal of the corn-laws; having written and pub- 
lished extensively upon the subject. Ie will be remembered by some 
as having made a tour through this country some twenty-five years 
ago, delivering occasional lectures. THs uncle was anxious that Ier- 
bert should prepare for the university, but he was disinclined to this, 
and the question was a matter of controversy between them.  Tlis 
uncle, however, lived to acknowledge that Herbert probably took the 
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right view of the matter. Yet his prescribed studies were those 
which constitute the usual preparation for a university course. Latin 
and Greek, which had been taken up at Derby, though but to little 
purpose, were resumed at Hinton, but they were pursued without 
interest, and no satisfactory progress was inade in them, But in 
usathematics the pupil made rapid advancement, being the cqual or 
superior of fellow-students several years his seniors, who were study- 
ing with him, Geometry, trigonometry, algebra, mechanics, and the 
beginning of Newton’s “ Principia,’ were gone through. Though lis 
memory was never a good one for details, yet it is noted that prin- 
eiples were habitually so seized as to remain. The tendency to inde- 
pendent exploration was shown in the spontaneous making of prob- 
lems, and finding out new demonstrations, The discipline to which 
Herbert was subjected was here more decided than it had been at 
home. Yet during his stay at Ilinton there were various accusutions 
of disobedience which led to temporary disgrace. 

At sixteen (1836) Herbert returned home, and one year was passed 
in miscellaneous but not very persistent study. Te went through 
perspective with his father, on the principle of independent discovery ; 
the successive problems being put in such order that he was enabled 
to find out the solutions himself. There was evidently a natural 
readiness here, as during this year he hit upon a curious theorem in 
descriptive geometry, which was afterward published with the dem- 
onstration in the Civil Enginecr’s and Architect's Journal. 

At midsummer, 1837, after being a year at home, he had three 
months’ experience in teaching, taking the place of assistant in the 
school to which he had first gone asa boy, His father had always 
been anxions that he should follow the profession of teacher, the dig- 
nity of which he estimated highly. This wish was strengthened by 
the success which he had in this trial, as he evinced a strong natural 
faculty for exposition, and the capacity of leading pupils to fecl an in- 
terest in their lessons by the use of copious and correct illustrations, 

In the autumn of that year, young Spencer was offered an engage- 
ment under Mr. Charles Fox (afterward Sir Charles Fox), a civil-en- 
gineer who had been a pupil of his father, and who subsequently be- 
eame widely known as the builder of the Great Exhibition building of 
1850. He was at that time resident engineer on the London & Bir- 
mingham Railway, then in process of construction. Jere, partly in 
making surveys and drawings, he passed nearly a year, still carrying 
on his mathematical studies, and showing in his letters that inven- 
tions and improvements were much in his thoughts. In the autumn 
of 1858 he was recommended to Captain Moorsum, engineer of the 
Birmingham & Gloucester Railway. Ile took this place, and some 
eighteen months were passed in making engineers’ drawings, and 
other railway works, with some contributions to the Cled Enyinver’s 
Journal, deseribing improved methods and constructions, Toward 
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the end of this period he beeaime for a time Captain Moorsuim’s engi- 
necring secretary, aud durmg this time he devised the little instru- 
ment which he ealled the velocimeter, and described in the Civél 
Engincers Journal. It was for the purpose of calculating, by me- 
chanical means, the speeds of locomotive engines from given frac- 
tional distances and times, which otherwise required much trouble in 
estimating the velocity. Then followed a period of some six months 
occupied in out-door works, partly in superintending the completion 
of constructions, and partly in testing the performances of engines. 

During this period he was led, by collecting fossils, into the study 
of geology, and read Sir Charles Lyell’s “ Principles,” then recently 
published. Tne noteworthy fact respecting this is, that in it the 
doctrine of Lamarck respecting the development of species is there set 
forth, combated and rejected. Mr, Spencer cannot say whether he 
was before familiar with this doctrine, but he remembers that Lyell’s 
arguments failed to disprove it to him, and he beeame, thereafter, a 
firm believer in the general idea that all organized beings had arisen 
by development (1839). THe had so profound a belief in natural can- 
sation, in general so strong a tendency to see a unity of processes in 
things, that an hypothesis of this kind, which suggested that the gen- 
esis of organisms had arisen from physical actions, was one that he 
was prepared to accept as congruous with the system of thmgs known 
by experience. Such a notion as that of miracle, utterly inharmonious 
with the ideas of cause and Jaw and order which had become ingrained 
in him, was inadmissible, and hence the only alternative view pre- 
sented itself to his mind as obvionsly necessary. Nothing ever after- 
ward shook this belief. There naturally went along with this a gradual 
dropping of the current theology, although Mr. Spencer cannot say 
when it began or when it ended. The conception of the natural gene- 
sis of things gradually replaced the conception of the supernatural 
genesis, and belief in the prevailing creed gradually faded away, 

In April, 1841, having declined the offer of an engineering appoint- 
ment, Mr, Spencer returned home, intending to carry further his 
mathematical studies. Very Httle came of this intention, however, 
and some two years were spent at home in a misecHaneous and seem- 
ingly futile manner, Botany oceupied his attention for some months. 
Ue made a botanical press and an herbarium. Ie practised drawing 
to some extent, and made pencil-portraits of various friends, Phre- 
nology, of which he did not at that time see the fallacies, oceupied 
some attention. All the time, however, he had in progress one or 
other scheme of invention. Improvements in watch-making, machines 
for making type by compression of the metal instead of casting, a 
printing-press of a new form, the application of the electrotype for 
engraving, afterward known as the glyptograph, oceupied his atten- 
tion. The great flood in Derby, in 1842, caused by the sudden over- 
flow of a tributary of the Derwent, having occurred, Mr. Spencer wrote 
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‘a detailed report upon it with proposals for remedy to the town coun- 
cil, whieh was printed by that body. The summer of that year was 
spent ina visit at Hinton, and while there he modeled a bust of his 
uncle, having during the previous year given some attention to that 
art. Ie also there commenced contributing to the Monconformist a 
series of letters on the proper sphere of government, These were 
completed in the antumn. Shortly after there was commenced in 
England a movement called the complete-sufirage agitation, which 
arose out of a pamphlet published ly the cditor of the Voneonformist, 
Mr. Miall. In this agitation Mr. Spencer took an active part, becom- 
ing the loeal seeretary for Derby, and he was afterward delegate to a 
conference at Birmingham, where a futile attempt was made to co- 
operate with the Chartists. In the spring of 1843 he went to London, 
with the vague idea of getting some literary occupation, and while 
there he made an engineering engagement, which lasted a few months 
till the work was complete. Returning then to Derby, he was again 
oceupied chiefly with inventions. The railway inania, which was 
rising in 1844, drew him again to engineering, and he was for some 
months in charge of a London office, where he had at one time about 
sixty men under him. That winter and the subsequent sprmg were 
spent before parliamentary committees. But the lines in which he 
was interested failed to be chartered, and he then had mueh experi- 
ence in legal proceedings, helping the engincer to recover his charges. 

During 1846 and the beginning of 1847 he was occupied with 
inventions, and took out a patent for a sawing and planing machine, 
but, the friend who joined him in it going to India, the business 
dropped through. During these years he contributed papers to the 
Philosophical Magazine and to the Zodisé, in one of which he pro- 
pounded a view respecting the nature of sympathy, which he after- 
ward found that Adam Smith had previously proposed. In 1848 he 
commenced writing “ Social Statics.” In the autumn of that year he 
was engaged as the sub-editor of the Heonomést, and during 1849 and 
1850 while occupying that post he completed the volume, his first con- 
siderable work, “ Social Statics.” 

It is unnecessary to sketch here the intellectual labors of Mr. 
Spencer, as that has been already done with some degree of fullness 
in our pages.’ 

Much solicitude regarding the disturbed health of Mr. Spencer 
has been expressed by many who are interested in the progress of his 
work, and exaggerated rumors have been cireulated respecting it. 
As we have said, his constitution was never robust, but it was sound 
in the earlier portions of his life. Ilis health gave way when thirty- 
five years old, frorn intense application in writing “The Principles of 
Psychology,” published in 1855. Since that time he has been incapa- 
ble of steady mental application, and has been compelled frequently 
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to suspend labor entirely for varying intervals to recover his working 
condition. When he entered upon his philosophical undertaking in 
1869—laying out twenty years of original work—his health was so in- 
secure that many thought the project foolhardy, and taat it would 
prove fatal to him, But, forced by painful experience to economize 
his energies, he has become an adept in the art of taking care of him- 
self; so that, mstead of breaking down, his condition has perhaps im- 
proved with the progress of his work, He would probably never 
have been able to «rite the volumes of his philosophy, but in 1859 he 
adopted the expedient of dictation to an amanuensis, and attributes 
his power of going on to the immense economy and advantages of this 
practice. He has latterly not been so well as usual, for, though turn- 
ing off'a large amount of work on “ The Principles of Sociology,” and 
also carrying along the “ Descriptive Sociology,” both of which works 
are well advanced, he has yet been interrupted by more prolonged in- 
tervals of inability to labor, He has, besides, had to spend a great 
deal of his force in attention to business, which is not a very exhilarat- 
ing occupation, as he has now sunk nearly $20,000 in the preparation 
and publication of his “ Descriptive Sociology.” He has, besides, had 
to maintain a burdensome correspondence, which growing at last in- 
tolerable, he has lately sought relief by lithographing the tollowing 
form of a letter, which will explain itself ; 


“Mr. Ierbert Spencer regrets that he must take measures for diminishing 
the amount of his correspondence. 

“ Being prevented by his state of health from writing more than a short 
time daily, he makes but slow progress with the work he has undertaken, and 
this slow progress is made slower by the absorption of his time in answering 
those who write to him. Letters inviting him to join committees, to attend 
meetings, or otherwise to further somie public object; letters requesting inter- 
views and autographs; letters asking opinions and explanations—these, to- 
gether with presentation copies of books that have to be acknowledged, entail 
hindrances which, small as they may be individually, are collectively very 
serious—very serious, at least, to one whose hours of work are so narrowly 
limited. 

“As these hindrances increase, Mr. Spencer finds himself compelled to do 
something to prevent them. After long hesitation, he has reluctantly decided 
to confine himself absolutely to the task which he is endeavoring to accomplish 
—to ent himself off from all engagements that are likely to occupy any atten- 
tion, however slight, and to decline all correspondence not involved by his im- 
mediate work. 

“To explain the absence of a special reply to each communication, he has 
adopted the expedient of lithographing this general reply; and he hopes that 
ithe reason given will sufficiently excuse him for not answering, in a more direct 
way, the letter of Mr. 
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“THE CONFLICT OF THE AGES.” ° 
To the Editor of the Popular Science Monthly. 
EAR SIR: [have read this morning, 
with great pleasure, the article by 
President White, in the February number 
of your magazine; and am free to express 
gratification at seeing the extracts from 
my Vanderbilt University Address placed 
in such ‘ goodlie eompanie.” 

But you must permit me to express my 
surprise at the tone and some of the state- 
ments which you make with regard to the 
two articles, and to the important subject 
which they discuss. You say that you print 


! 


my argument because it is “on the other | 
side of the question,” and you would “not | 


be accused of partiality or injustice to op- 
posite views.” This is utterly unaccount- 
able to me. President White and myself 
are in perfect accord in our articles so far 
as “the conflict’ is concerned, so much so 
that, if we had had a conference previous to 
the preparation of our two addresses, we 
could scarcely have selected modes of treat- 
ment different from those we adopted. We 


should possibly have changed the order of | 


the printing, and let his follow mine. Mine 
is a statement of doctrine, and his the proof. 
Ue has written almost nothing in his artiele 


which I might not have written if I had had, 
Ile brings a masterly analysis | 


his ability. 
and great wealth of learning to prove what 
Thave asserted, and nothing in his article 
seems to stand against any thing in mine. 
We hold the same thesis, and sometimes 
We 
both agree, if Ihave not utterly misappre- 
hended President White, that religious men 
make mistakes, and scientifie men make 


express our ideas ipsissimis verhis, 


mistakes, but there is no conflict between | 


true veligion and érve seienee, the warfare 
of science being with something other than 
religion. The first words of mine which 
you quote are these: “The recent cry of the 
‘Conflict of Religion and Science’ is falla- 
clous, and mischievous to the interests of 
hoth science and religion ” (p. 45-4). 


Presi- 


sis says, “In all modern Listory, interference 
with science iu the supposed interest of re- 
ligion . . . has resulted in the direst evils 
both to religion and to seience, and invari- 
ably”? (p. 885). There we agree, and each 
undertakes to show the same thing in his 
own way. President White, in the seeond 
sentence of his thesis, says, ‘AIL untram- 
meled scientific investigation, no matter 
how dangerous to religion son of its staves 
may have secmed, for the tine, to be, has in- 
rariably resulted in the highest good of 
religion and of science.” In divers places 
in my article the same is set forth and main- 
tained. On page 444 I say, “ If, for instance, 
a conflict should come between geology and 
theology, and geology should be beaten, it 
will be so mech the better fur religion ; and, 
if geology should beat theology, sf/// so much 
the better for religion,” etc. In the next 
sentence, ‘geologists, psychologists, and, 
theologists, mst all ULTIMATELY promote 
the cause of religion, because they sst con- 
firm one another’s truths and explode one 
another’s errors,” etc. And, next sentence, 
“He (the religious man) knows and feels 
that it would be as irreligious in him to re- 
ject any truth found in Nature as it would 
he for another to reject any truth found in 
the Bible.” 

Now, on this showing, my dear sir, I 
think that in a review of the two artieles you 


| should be ready to admit that Dr. White 


We are 
advocates for the same client, speaking 
from different briefs but promoting the same 
cause. 

But I am sorry to find that, while I 
thoroughly agree with Dr. White, you do not. 
You consider the conflict to be *‘ natural,” 
“jnevitable,” “wholesome.” Dr. White 
teaches that “the idea that there is a ne- 
cessary antagonism between science ard 
religion” is “the most unfortunate of all 
ideas” (p. 403). You oppose Dr. White 
more than you do me, for my moderate 
statement is, that it is “fallacious” and 


and I are nof on “ opposite ” sides. 


dent White, in the first sentence of his the- | “mischievous.” 
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I would fain “labor” with you, as some 
of our religious brethren say. It grieves 
me that you hold that an antagonism be- 
tween loving obedience to God—Religion, 
aud intelligent study of God's works—sci- 
cuce, is “natural,” “inevitable,” “ whole- 
some.” If that be true it would seem to 
follow that the more religious a man is the 
less scientific he eau be, or, what is worse, 
that the more scientific a man the less re- 
ligious can he be! Really you cannot mean 
what your statements logically convey. You 
cannot mean to teach that, the more wick- 
eda man is, the better he is prepared for 
seientifie investigation. But do not your 
words mean that? 

To prove that there is a necessary conflict 
you call attention to ‘the attitude of mind 
of the great mass of devout and sineerely 
religious people toward the more advanced 
conelusions and scientific men of the pres- 
ent day.” Who can tell what attitude that 
Each man knows his cirele of ac- 
quaintances ; and here is my testimony: All 
“the devout and sincerely religious people” 
with whom [am acquainted accept a// the 
“conclusions” of seienee so far as they 
know them. Some of them go further, and 
accept even the hypotheses and guesses of 
the most poetie and superstitious of “ the sei- 
entific men of the day.” The body of devout 
religious people, however, it is fair to add, 
do not accept all the guesses, 
be reasonably asked of the religious people 
is that they shall aceept as scientific ‘ con- 
clusions” only those teachings of science 
in regard to which there is no controversy 
A case cannot be 


is? 


among seicntifie men, 


All that can | 


called “eoneluded” while the argument is | 


going on in court. The rotundity of the 
earth, the heliocentric theory, Kepler’s three 
No scientifie man 
of repute expresses the slightest doubt of 
those, and the attitude of religious people 
toward them is one of thorough acceptance 
and genuine faith, There are some religious 
people who are evolutionists. 
not. But the scientifie men, “as such,” ave 
just as much divided, so that that question 
cannot be called concluded. 

As to the attitude of religious people 


laws, are “coucluded.” 


Some are 
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toward advanced scientific men, it would 
be difficult to determine, because it would 
be difficult to determine who are the “ad- 
vaneed”’ scientific men. Whenever they 
settle that among themselves, your question 
will really have great importance; but, if 
a clique should ery up one man as a burn- 
ing and shining light in science, while the 
French Academy should be reported to 
have rejected him when nominated for mem- 
bership, on the ground that he is not scien- 
tific, need religious people have any attitude 
toward him at all? 

But that there is no hostile attitude 
toward scientifie men is shown by the fact 
that any scientific lecturer of ability may 
come from Europe to America, and the de- 
yout and religious people of the country 
will go in throngs to hear him, and pay lib- 
erally for the privilege. 

You close your article by expressing the 
opinion that a ‘desirable consummation” 
to “reach”? would be “the entire indiffer- 
ence of religious people, as such, to the re- 
sults of seientifie inquiry.” This is amaz- 
ing, How ean they be? Religious people 
who are not scientific kuow very well, hav- 
ing had their attention freshly called therete 
by Dr. White, the great benefits conferred 
on religion by the progress of seienee, which, 
as he admirably says, has “ given to religion 
great new foundations, great new ennobling 
conceptions, a great new revelation of the 
might of God.” Religious people owe too 
much to seience, while science owes almost 
every thing to religious people, to allow 
them to become entirely indifferent, and give 
up seience wholly to irreligious men. 

One thing let us agree on before we part. 
Nothing is advaneed and no one is profited 
if religious men write and speak as though 
no man could be seientifie and at the same 
time religious; nor is any thing profited if 
men professing to be scientific talk of re- 
ligious people patronizingly, as if they were 
simpletons. Can you not say “Amen” to 
that, and shake hands with 

Very respectfully and truly yours, 
Cuaries F. Dees. 


CHURCH OF THE STRANGERS, 
New York, Junuary 27, 1576. 
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HISTORY AND THE CENTENNIAL. 
HIERE are symptoms of a revival 
of the study of history, or of a 
new impulse to it, as a consequence of 
the fact that the life of the nation has 
reached a round hundred years.  ILis- 
tories of the United States are in spe- 
cial order, and histories of the world 
for common schools are copiously forth- 
coming. The importance of history is, 
of course, a foregone conclusion; and 
the triple importance of the history of 
one’s own country goes for self-evident. 
This is the wrong year to disturb politi- 
eal superstitions, and we are not yoing 
to question the great necessity of read- 
ing more about the doings of politicians 


for the last hundred years than past | 


facilities have made practicable. but 
we may suggest that it is not an unsuit- 
able time to widen and liberalize some- 
what our notions of what history prop- 
erly is, or should be. That it has bith- 
erto dealt mainly with the superficies 
of human affairs, with conspicuous sur- 
face effects, and with the sayings and 
doings of men who have been skillful in 
the art of keeping themselves in the 


focus of public observation, has come | 


to be a truism, And, when a history 
of the United States is announced, it is 
well enough understood that we are to 
lhave a new shaking-up of the old mate- 
rials, with new pictures, but with the 
usual account of Indians, constitution- 
making, political administrations, and 
the wars in which the country has been 
engaged, 

But is not our impending Centennial 
celebration in Philadelphia calculated 
to impress upon us the historic interest 
of quite a different class of things? No 
doubt there will be collected and placed 
on show numerous relics and curiosities 
of purely national import; but these 
will not constitute the staple attrac- 


tions of the exhibition. Its supreme 
interest will consist in the array of prod- 
ucts which will be there gathered of 
the art, science, invention, and skill, of 
the world. It is these that have been 
appealed to, to signalize and make mem- 
orable the hundredth year of our sepa- 
rate national life. This is the realiza- 
tion of an idea which could hardly have 
entered into the dreams of the men who 
figured as “founders of tle republic.” 
Their notion of “ celebrating ” our “ In- 
dependence” for all time, consisted in 
making a prodigious noise, by ringing 
bells, and exploding gunpowder. But 
now we celebrate this event on a grand 


‘scale, by invoking the codperation of 


the civilized world in the competitive 
display of industrial resources, con- 
structions, fabrics, and works of use and 
beauty, distributed through a hundred 
departinents of classified variety. And, 
of these multitudinous results of man’s 
inventive and constructive faculty, the 
great mass will be the products of the 
past century’s experience and progress, 
of which hardly the gerins existed when 
we set up in politics for ourselves. And 
they will not be the results of adminis- 
trative policy or forms of government. 
Tn a large sense they will not belong to 
any nation, but to civilization and hu- 
manity. They will be, to no small de- 
gree, the achievements of enterprise 
which politicians of al! countries have 
done their best to hinder and defeat. 
It is the triumph of our time, that the 
forces that have brouglit sueh vast and 
benign consequences lave overeome 
all resistance. They represent the 
growth and power of the pacific and 
constructive agencies of modern socie- 
ty—the headway that has been made 
against the political barbarisms of the 
past. The chief display at the Centen- 
nial will symbolize the silent revolutions 
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of ideas—triumphs achieved by indi- 
viduals through hervie self-sacrifice, 
and unwearying labor, in the seclusion 
of the laboratory, the study, and the 
workshop. And, as regards popular 
history, it is now pertinent to ask if it 


inight not be wisely extended over this | 


field of human exploit. The records of 
inventive, scientific, and social progress 
might lack something of the tragic ex- 
citement that belongs to the chronicles 
of battles and campaigns, and might be 
read with less avidity thansaccounts of 
cabinet intrigues, partisan strife, and 
gossiping sketches of men who have got 
themselves voted into the category of 
the great; but, for the serious purposes 
of education, would not histories of the 


former type be better suited for the | 


wants of an enterprising, practical, self- 
governing people, than those which are 
now pressed npon our schools? We 
need popular histories of the arts and 
sciences, of inventions and discoveries, 
of industries and commerce, the devel- 
opment of ideas, the order of social 
changes, and the working of those deep- 
er forces in human affairs which history 
has hitherto overlooked, and of which, 
indeed, inankind has only become fully 
conscious in recent years. We need 
them, but the need is probably no meas- 
ure of the demand for them. If they 
were written, the chances for their 
“adoption? would, perhaps, not be 
very encouraging. But we may indulge 
the hope that the intlnence of the Cen- 
tennial Exhibition will, at any rate, be 
favorable to the growth of this branch 
of literature, 


RETROSPECTS OF OUR PAST HUNDRED 
YEARS. 

Tue reviews that have been pub- 
lished of what has been done in this 
country in the great departments of 
thonght, during the past century, are 
not without promise that the mind of 
the time is moving in the direction 
desiderated in the preceding article. 
The North American Revicw, tor ex- 
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ample, has published a centennial num- 
ber, devoted entirely to the course of 
American thought in religion, polities, 
abstract science, economic science, law, 
and education, from 1776 to 1876. The 
papers are able, calm, and philosophic, 
Without a glimpse of the “spread eagle” 
or trace of the “stump,” and their gen- 
eral tone, in fact, is by no ineans that 
of jubilation. 

Mr. J.-L. Diman begins by giving an 
instructive account of religion in Amer- 
ica, and pointing out the leading changes 
that have taken place, most important 


| of which is the complete separation 


which has been effected between church 
and state. He shows how deep was 
the conviction in our carly history that 
laws for “maintaining publie worship, 
and decently supporting the teachers 
of religion,” are ‘“‘absolutely necessary 
for the well-being of society.” This 
view was not the result of ecclesias- 
tien] prejudice, bunt was most strongly 
advocated by laymen.  Chief-Justice 
Parsons, not a member of a church, in 
entering upon his official career, ex- 
pressed his most solenin conviction ‘of 
the necessity of a public support of 
religious institutions; and, still later, 
Judge Story tnaintained the same view. 
This ground, now generally abandoned 
by American Protestants, is that stil 
held by the Catholie Church, and gives 
rise to one of the gravest difficulties of 
public policy, that in relation to religion 
and state education, 

As regards the growth of sects, it 
is stated that “a century ago the more 
important religions bodies (tested by 
the number of churches) were ranked 
in the following order: Congregation- 
al, Baptist, Chureh of England, Presby- 
terian, Lutheran, German Reformed, 
Dutch Reformed, Roman Catholic. By 
the census of 1870 they stood: Meth- 
odist, Baptist, Presbyterian, Roman 
Catholic, Christian, Lutheran, Congre- 
| gational, Protestant Episcopal.” The 
growth of religions organizations has 
| outstripped the growth of population. 
| At the beginning of the Revolution 
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there were less than 1,950 with a pop- 
ulation of 3,500,000, showing a churel 
for every 1,700 souls. There are now 
more than 72,000, whieh, with a popula- 
tion of 38,000,000, w ould show a church 
for every 529. “In other words, while 
the population has multiplied eleven- 
fold, the churches lave multiplied near- 
ly thirty-seven-fold.” The most signal 
religions fact which the past century 
presents is stated to be the growth of 
Methodism, When their first conter- 
ence met at Baltimore they collected 
but sixty preachers, and it was reckoned 
that in the whole country they could 
muster but twenty more. “By the een- 
sus of 1870 they were credited with 
more than 25,000 parish organizations, 
and a chureh property of $70,000,000.” 
Notice is taken of the tendency tu ap- 
preciate a more edueated clergy, and 
of a growing ambition in the matter of 
ehureh architecture. The general move- 
nient, it is said, has led not so much 
toward the multiplication of sects as 
toward the formation of compact and 
powerful religious organizations. But 
there has been little reciprocal influence 
among ecclesiastical bodies, and no ten- 
dency to theological unity. The general 
conelusion of the writer is that ‘a re- 
view of our past history should incline 
us to place a modest estimate on our 
suecess;*’ and ‘‘at the close of a century 
we seem to have made no advance 
whatever in harmonizing the relations 
of religious sects among themselves, or 
in defining their common relation to the 
civil power. . . . The-function of Amer- 
lean Christianity has been discharged 
in a moral and practical, rather than 
in a scientific and thevlogical develop- 
ment.” 

Prof. Summer's sketch of American 
politics for a hundred years is highly 
instructive and readable, but on the 
whole any thing but flattering to the 
pational vanity. The ‘ Ring” and the 
“Boss” seem to be its latest outeome, 
and of the latter character it is said, “le 
is the last and perfect flower of the long 
development at which hundreds of skill- 
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ful and erafty men have labored, and 
into which the American people have 
put by far the greatest part of their po- 
litieal energy.” Whether in polities 
the eourse of the nation bas been on 
the whole upward or downward, the 
writer considers an open question, but 
comforts us with his individual opinion 
that we are not degenerating. 

Prof. Newcomb, in reviewing fie 
abstract science of the eentury, dis- 
eusses with much ability the condi- 
tions on which the eultivation of pure 
science depends, and finds that they 
are greatly wanting in shis country. 
There is a lack of intimate intercourse 
among scientific men; of government 


| appreciation of the aid they require 


in devoting themselves to original re- 
seareh. There is, besides, a kind of 
national one-sidedness—not merely an 
absorption in material interests—a kind 
of faith in practical sagacity and the 
sufliciency of plain common-sense for 
all emergencies, whieh exeludes the 
need uf more exact methods of thought, 
and is inappreciative of the value of 
refined and remote inqniries that yield 
no palpable or directly useful results. 
It is therefore natural ‘ that the devel- 
opment of the higher branches of sci- 
enee in our country should be marked 
by the same buckwarduess which char- 
acterizes the higher forms of thought 
in other directions.” Prof. Neweomb 
brings out, in an admirable passage, the 
complete antagonism between the ideas 
“which animate the so-ealled ‘praeti- 
eal man’ of our country and those 
which animate the investigator in any 
field which deserves the name of sci- 
ence or philosophy;” from which it 
appears that the most potent hindrance 


-to science with us is that adverse state 


of the general mind which prevents our 
people from taking interest in it, and 
of encouraging those who devote them- 
selves to it. He says: “It is strikingly 
illustrative of the absence of every 
thing like an effective national pride in 
scienee that two generations should 
have passed without America having 
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produced any thing to continue the 
philosophical researches of Franklin. 
... Until Henry commenced his expe- 
riments there was not an cleetrical in- 
vestigation published in tlie country, 
which the present time has any object 
in remenibering.” 

“We have deseribed and illustrated 
the generally low state of American 
science during the first forty years of 
the present century—a state which inay 
be deseribed as one of general lethargy 
broken now and then by the activity 
of some first-class man, which, how- 
ever, commonly ceased to be directed 
into purely scientific channels. Since 
1840 there has been a great and gen- 
eral increase of aetivity in some direc- 
tions, which, from some points of view, 
wonld seem to have imadgurated an 
entirely new state of things, and to 
promise well for the future. 
are also many features of the case 
which strongly suggest the backward 
state of things trom which the present 
condition sprung.” 

After reviewing a large mass ot 
facts, Prof. Neweomb says: ‘ We must 
not conclude, from all this, that no in- 
terest in science is taken by the Amer- 
ican people, but only that that inter- 
est does not manifest itself in such a 
way as to promote scientific research.” 
And his general conclusion is that, ‘on 
the whole, we have not been able to 
present the first century in roseate 


colors; and, while we ean well con- | 


template the future with hope, we ean- 
not do so with entire confidence,” 
Prof. Dunbar’s delineation of a cen- 
tury of economic science is clear and 
cogent, but no more flattering than that 
of his predecessor, Tle gives an in- 


teresting account of the various writ- | 


ings that lave been contributed by 
prominent nen to this question, and, 
although it would at first seem that 
the practical genius of our people would 
here find its legitimate field, and that 


what they loved dearest and thonght 


of most—money, currency, property, | 


trade—they would be the ones to cx- 


But there | 
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plore to the utmost depths; yet such is 
fur from having been the case. The 
tracing out of unknown Jaws and the 
original discovery of principles are the 
sume in all spheres of phenomena. 
Prof. Dunbar concludes: ‘ The general 
result, then, to which, as we believe, 4 
sober examination of the case must 
lead any candid ingnirer, is that the 
United States have thus far done noth- 
ing toward develuping the theory of po- 
litical economy, notwithstanding their 
vast and immediate interest in its prac- 
tical applications.’ He shows how it is 
that our politicians are interested in 
bemuddling economical questions, and 
spreading the notion that nothing is 
here settled, because the interests are 
to be manipulated for selfish ends. 
“In the case of the currency question, 
then, it appears that the subject, from 
the first, came before our public men 
in a form which seemed to make its 
political bearings too important to be 


| subordinated to any scientific treat- 


ment. The same might be said of the 
tariff discussion, which, apart from its 
inevitable complication with individual 
interests, has never failed also to pre- 
sent itself in such sectional or party 
relations as to make its settlement turn 
jJarecly upon far other considerations 
than those of general principles.” It is 
further shown how the great prosperity 
of the country has blinded inen to the 
injurions influence of economic blan- 
ders. The idea that the management 
of our resources is of Httle account so 
long as we find ourselves sweeping 
/along with the current of growth has 
for years been the habitual consolation 
of our public men, if not an article of 
their faith. That it easily leads to in- 
difference, as to the monitions of eco- 
nomic law, is sufficiently obvious,” 

Mr. G. T. Bispham treats of the prog- 
ress of American jurisprudence dur- 
ing the past century. He first consid- 
ers those deviations from English law 
which originated in the contrast of phy- 
sical features between this country and 


| England, That country is a compact, 
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densely - populated island, with small 
rivers, forests that are the objects of 
jealous care, with cheap labor, and 
high-priced land; contrasting strongly 
with the extent of this country—its 
enormous streams, sparse population, 
cheap lands, imperfect roads, and tim- 
ber so abundant that it was an impedi- 
ment to improvement. These differ- 
ences necessitated marked modifica- 
tions in American law to adapt it to 
the physical and geographical pecul- 
iarities of the country. Many changes 
of jurisprudence, of course, grew out 
of the adoption of a new form of gov- 
ernment embodied in a new constitn- 
tion, which gave a distinctive charac- 
ter, in many features, to the system of 
American law. It is maintained, also, 
that general intellectual influences have 
wrought an advance in American juris- 
prudence, which is seen in the amelio- 
ration of criminal legislation, and in 
legislation establishing public or state 
education. It is, moreover, contended 


that the adoption of written constitu- | 


tions is an important step of progress 
which the world owes to the United 
States; another American step being the 
codification and simplification of muni- 
cipallaw. The writer finally concludes 
that ‘the law in this country ‘has, in 
the progress of its hundred years of 
life, become (1) more simple, (2) more 
liomane, and (3) more adaptive; and 
he thinks that ‘‘the pathway it has pur- 
sued is one upon which we can turn 
our eyes With feelings of no little pride.” 

Prof. D. C, Gilman sketches the 
history of American education, regard- 
ing it “in the three stages which are 
commonly known as ‘primary,’ ‘sec- 
ondary,’ and ‘superior’ instruction.” 
A large amount of historical informa- 
tion is digested, relating to the rise and 
progress of the primary-school system, 
the course of legislation upon the sub- 
ject, the controversies it has involved, 
and the difficulties that have arisen by 
the extension of it to the freedmen 
of the South. The weakest portion of 
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the American system is stated to he 
that of ‘‘secondary” instruction, which 
is intermediate between the clementary 
and collegiate schools. The maxim 


that “our public schools must be 


| cheap enough for the poorest; good 


enough for the best,” indieates an ob- 
stacle that has long stood in the way of 
the organization of higher schools; but 
within the last twenty years, especially 
within the cities and large towns, many 
of these have arisen, and in the West 
have become the favorite means of se- 
curing higher instruction. As regards 
the “superior” education, it is stated 
that, at the commencement of the Revo- 
lution, there were nine colleges in eight 
of the thirteen colonies. “These estab- 
lishnents have nrultiplied, unti] ‘in 
1875 the Commissioner of Education 
reported the names of 374 institutions, 
mostly called universities and colleges, 
which are legally entitled to confer 
academic degrees, besides independent 
schools of law, medicine, and theology, 
of which there are 106, aud colleges 
for women, of which tlre are 65; so 
that there are known and recorded 545 
degree- giving institutions within the 
United States. 

The general scope of our “superior” 
education is thus indicated: 


“ The typieal Ameriean eollege has been 
a place where a preseribed eourse of study, 
largely devoted to Greek, Latin, and mathe- 
maties, with a brief introduction to histori- 
eal, political, and ethieal scienees, has eon- 
tinued during four years and led to a bache- 
lor’s degree.” 


Various questions regarding our col- 
legiate system are ably discussed by 
Prof. Gilman, but he hardly touches tle 
important topic of scientific education. 
Perhaps this was trom lack of space, 
but, as he is engaged in the organiza- 
tion of a university to be devoted to the 
higher studies, this subject must have 
engaged his very serious consideration, 
and we hope he will favor the public 
with his views upon it at some suitable 
time. 
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Tae Emotioxs aNn THE Witt. By ALEx- 
anper Bain, LL. D., Professor of Logic 
in the University of Aberdeen. Pp. 
60k | Price New York: D. Apple- 
ton & Co. 


Tus author of this work stands among 
the very foremost in the school of modern 
scientifie psychology, which has its ehief 
development in Great Britain. His two 
principal works, “ The Senses and Intel- 
ject’ and “The Emotions and the Will,” 
are widely known as giving the only com- 
jilete and systematic account of mental phe- 
nomena from a medern point of view. As 
we know nothing of mind, except as an 
organic manifestation—as physically em- 
bodied and working-its effects through a 
complex and wondertul vital machinery— 
ho exposition of it can be regarded as scien- 
tific or complete that leaves the material 
side of the phenomena out of account. We 
have often insisted upon this, and must 
continue to do so; for the importance of 
the truth is only equaled by the inveteracy 
with which the futile and exbausted meta- 
physical method is still clung to iu the 
general study of mind. There is hardly a 
chapter of either of Dr. Bain’s books that 
is not a virtual demonstration of the ne- 
eessity of including the ‘physical accom. 
paniments of mind in any treatment of 
it that claims to be scientific in method, 
and valuable in appheation. The general 
adoption of these works as college and 
high-school text-books would give a new 
and valuable clement to our higher culture. 
Mental phitosophy would then become 
what it ought to be, a study of human 
character, and such an analysis and under- 
standing of the constitution of man as 
woul] give us a better interpretation than 
hitherto of his relations to surrounding Na- 
ture. 

The third edition of “The Emotions 
and the Will” has been thoroughly revised 
at every point. Although it may seem a 
hopeless task to introduce quantitative in- 
quiries involving much precision into psy- 
chology, yet, as Dr. Bain remarks, it is 
essential to the scientific handling of the 
subjeet, and he has accordingly given much 
attention to the problem of degrees of in- 
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tensity and foree in regard to tke feelings, 
and to the extension and improvement of 
the means adopted in this branch of psychi- 
cal investigation. 

But perhaps the most significant feature 
of the new edition of this work is its recon- 
struction with reference to the doctrine of 
evolution, As the eminent comparative anat- 
omist of Germany, Gegenbauer, reorganized 
his great biological work so as to bring it 
into harmony with evolutionary views, and 
as Sir Charles Lyell reeast his “ Principles 
of Geology” so as to base it upon the doc- 
trine of development and descent, Dr. Bain 
has now done the same thing with his elab- 
orate treatise upon the mind. Herbert 
Spencer had indeed grounded psychology 
upon evolution in a remarkable work pub- 
lished twenty years ago; but it was far in 
advance of the thought of the time, and 
even progressive psychologists have but 
slowly come up to lis position. Prof. Bain 
fully recognizes the eminence and authority 
of Mr. Spencer in this ficld of psychologi- 
cal investigation. 


Tue Teacier’s Hanpnook ror THE Iystt- 

TUTE AND THE Chass-Room. By WiILLiam 

F. Puezps, M. A., Principal of the State 

Normal Sebool, Winona, Minnesota. 

Pp. 385, Price, $1.50. New York: A. 

S. Barnes & Co. 

Tus little work by an experienced edu- 
eator, who is also an enthusiast in his pro- 
fession, may be regarded as the outcome 
of the most advanced and perfected meth- 
ods of instruction in the American school 
system, Itis a text-book for teachers in 
acquiring the art of their vocation, and aims 
to familiarize them both with the theoreti- 
eal principles and the practical processes 
by which general education should be con- 
ducted in schools, under the control of the 
state. Prof. Phelps is an ardent advocate 
of state education, and urges it on the usu- 
al-ground of politieal necessity iu a popu- 
lar government. And whatever question 
there may be as to the right or wrong, or 
the good and bad of this policy, we have 
entered upon it, and are committed to it, 
and nothing remains but to mect the re- 
sponsibilities and discharge the duties that 
grow out of it. Such a system inevitably 
results in comprehensive organization. 
With system in study there comes grada- 
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tion in schools, and with improvement in 
methods and results there comes a demand 


for the special cultivation of teachers, by | 


means of institutes and normal schools. 
This complex machinery of education 
must be thoroughly understood by every 
efficient teacher in its principles and practi- 
eu) working, and Prof. Phelps’s book has 
been prepared to facilitate this special pro- 
fessional culture. It is written with the 
warmth of a man who is in carmest, and 
with the clearness of one who understands 
his subjeet. Unsettled questions and diffi- 
culties in education are recognized, with ju- 
dicious suggestions, as in the following pas- 


sage: 


“The question as to what shall be taught in | 


our common schools is yet to receive a definite 
solution. Next in importance to rizht methods 
of teaching ranks the subject-matter of teach- 
ing. ‘What knowledge is of most worth § What 
branches are the most useful, first for disci- 
pline, and second for use or particular applica- 
tion?’ Upon this subject we have no settled 
policy. As a consequence, many things inferior 
usurp the place of those of superior worth. The 
dry details of so-called geography, the abstract 
cefinitions, rules, and formulas of grammar, 
the comparatively valueless signs and symbols 
of algebraic notation, consume a vast amount 
of the lime that should be devoted to the study 
of the earth, its climate and productions iu their 
relations to man, and the course of human bis- 
tory; of the English language, as a means of 
communication, and of the living sciences which 
Ne at the basis of all the arts and industries of 
life. But it is futile to attempt a revolution in 
subject-matters while teachers, their attain- 
ments, and methods of work, are so inadequate 
to the public needs. 1t is idle to talk of the ne- 
cessity of the elements of physics and chemis- 


try, botany and physiology, natural history and | ‘ 
| feet in figure, was mounted at the Naval Obser- 


agriculture, so long as we have neither the 
knowledge nor the skill requisite to their proper 
treatment. Of what value would these sciences 
be to the people when mechanically memorized 
from the printed page, as are most of the sub- 
jects now in our common-schoo! curriculum ? 
To be of use, either for discipline or applica- 
tion, they must be properly taught by observa- 
tion, experiment, and demonstration. In short, 
their objects must be seen, handled, analyzed, 
compared, and classified. These practical sci- 
ences must be investigated by methods and pro- 
cesses analogous to those by which they hare 
been themselves developed, and thus far per- 
fected. Can our children be expected to grope 
their way to thege natural processes in spite of 
their teachers? or, mnst the latter firet be made 
capable of leading the way, inspiring the young 
by the fullness of their learning, and the skill of 
their methods? Until our childrea end youth 
leara the right use of their own powers, it is in 


' ellites. 


635 


vain to expect that they can master the powers 
of Nature, or accomplish any other important 
result.” 


THE URANIAN AND NeEPTUNIAN SysTEMS, IN- 
VESTIGATED WITIL TNE 26-1INCH Equato- 
RIAL OF THE Usitep Sratres Nava 
Opservatory. By Simon Newco, 
LL. D., Professor United States Navy. 
Washington Observations for 1873. Ap- 
pendix 1. Government Printing-Office, 
1575, pp. 72, 4to. 

Tis pamphlet, separately printed, con- 
tains the first published discussion of work 
done by the 26-inch Clark refractor of the 
Naval Observatory. What this work was, 
and how great necessity existed for its pros- 
ecution, may be gathered from the first two 
paragraphs of the memoir: 


“The remoteness of the two oater plinets 
of our system renders the accurate investiga- 
tion of their satellites a task of creat difficulty. 
This is strongly evinced by the great discord- 
ances between the conclusions respecting the 
masses of those planets which haye been reached 
by various observers. Thus, in the case of 
Uranus, Von Asten, the latest investigator, cites 
a number of determinations of the mass from 
recent observations, which range between reitr 


| and s73ya [of the sun's mass], so that the largest 


result is nearly half as larve again as the small- 
est. Even different results, obtained by the 
samme Observer under slightly different eircum- 
stances, were surprisingly discordant. The best 
determination was that of Strnve; but even 
here there was a difference of four per cent. he- 
tween the results from the two {fobrighter] sat- 
In the case of Neptune, discordances 
of the same kind ehowed themselves; Struve’s 
mass being greater than that of Bond by one- 
third. 

“ For these and other reasons, when the 2¢- 
inch equatorial, with an object-glass nearly per- 


vatory, the observation of the satellites of the 
outer plancts, with a view of determining not 
only the elements of their orbits, but more es- 


| pecially the masses of the planets, was made 


the first great work of the instrument. Enter- 
taining the opinion that, in the present state of 
astronomy, it was better to do one thing well 
than many things indifferently, the minor ar- 
rangements of the instrument were all made sub- 
servient tothe end in view, and no otber serious 
work of a dissimilar character was attempted 
during the continuance of the observations.” 


It is well known that the two brighter 
satellites of Uranus, viz.. Oberon and Ti- 
tania, are quite faint objects even in the 
large 15-inch telescopes of Harvard College 
and of Pulkova, but the two interior sate}. 
lites, «frie? and Umbriel, are incompara- 
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bly the faintest and most difficult objects to 
observe in the solar system. Indeed, it 
is not wholly certain that they have ever 
leen seen save in the teleseopes of Mr. 
Lagsell (their discoverer), Lord Rosse, and 
by the Washington refractor, although 
there are several teleseopes now mounted 
both in Europe and in America which are 
adequate for their observation. 

The satellite of Neptune, too, is a very 
diffieult object, and henee it is extremely 
gratifying to find so many measures of 
these satellites as Prof. Neweomb has ob- 
tained. 
November, 1873. From that time to April, 
1875, there were made : 


31 observations of Oberon. 


34 ee * Titunia, 

10 a * Umbriel. 

3 e “ Ariel, 

54 “e “« Neptune's satellite, 


It must be remembered that Neptune 
was only observed from July to February, 
and Uranus from January to May. 

From a consideration of all the meas- 
ures of Uranus’s satellites, the author as- 
signs as the mass of that planet gy}yq of 
the mass of the sun, and he estimates the 
probable error of the denominator of this 
fraction at 100, so that we may say that 


The telescope was mounted in! 


this mass is not /ess than gy4j7, and not | 


more than zyhyq3 that is, the mass is de- 


termined within less than gq part of | 


its value, To understand the nieety of 
sueh measurements as have been made, it 
must be remeinbered that any error in the 


measures of the distance of the satellite 


from the planet is shown in the resulting 
mass of the planet in an amount not pro- 
portional to this error directly, but to the 
third power of the error. 

The times of revolution of the satellites 
have been determined with high aecuraey 
by a comparison of Newcomb's observa- 
tions with those of the elder Hersehel— 
the uneertainty in the period of 7vtania = 
84958, 705897, being not more than one see- 
ond of time, or ,pa3gy5 Of the whole amount. 

From the relative brightness of the sat- 
ellites of Uranus, Prof. Neweom) coneludes 
that they have masses not more than soos 
of that of Uranus itself, i. e., vastly less 
than the mass of our own moon, 

Jt is an interesting fact too that the au- 
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thor suspeets that the uearest of the satel- 
lites of Uranus (rie/) “belongs to that 
class of satellites of which the brilHancy is 
variable, and depends on its position in the 
orbit.” With regard to the interesting 
question as to the number of satellites of 
Uranus, Prof. Neweomb’s testimony is as 
follows : 


“No systematic search for new satellites of 
this planet was entered upon, partly becanse 
the season in which Uranns is in opposition is 
bow an unfavorable one fer prosecuting such a 
search, and partly because the attempt would 
bave absorbed so much of the observer's time 
and energies as to detract from the excellence 
of the micrometer-observations. When faint 
objects, which might kave been new satellites, 
were seen around the planet, their positions 
relative to the latter were noted; but in no in- 


| stance was any such object found to accompany 
| the planet. 


I think I may say, with consider- 
able certainty, that there is no satellite within 
2 of the planet, and outside of Oberon, having 
one-third the brilliancy of the latter, and there- 
fore that none of Sir William Herschel’s sup- 
posed outer satellites can have any real exist- 
ence. The distances of the four known satellites 
increase in so regular a way that it can hardly 
be supposed that any others exist between 
them. Of what may be inside of Ariel, it is 
impossible to speak with certainty, since, in the 
etate of atmosphere which prevails during our 
winter, all the satellites would disappear at 10” 
distance from the planet.’ 


The second section of the memoir deals 
with the Neptunian system. Three princi- 
pal determinations of the mass of Neptune 
have been made: 

Bond's, which gives the mass 


x 

‘ 
Struve’s, “ s ss “Ww 
Lassell’s, ‘ f “ se } 


From the work of the Washington tel- 
eseope the mass results reise, which agrees 
most remarkably with Bond’s previous de- 
termination. 

No evidence for an elliptie form to the 
orbits of any of these satellites has been 
made out: “ We are thus led to the remark- 
able conelusion that the orbits of all the 
satellites of the two outer planets are less 
eecentrie than those of the planets of our 
system, and that, so far as observations 
have yet shown, they may be perfect circles. 
No traee of a seeond satellite of Neptune 
has ever been seen, though several times 
carefully looked for, under the finest atmos- 
pherie conditions, during July, 1874.” 

We have thus far spoken mainly of the 
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most interesting results reached in Trof. 
Neweomb’s memoir. It contains besides 
these a very complete development of the 
analytical methods required for the diseus- 
sion of observations of this elass, and prac- 
tieal hints as to the manuer of making and 
treating such observations, which are of 
great importance. It is a gratifying thing 
to be able so soon to announce important 
results attained by means of the new tele- 
scope at Washington, and to sve that so | 
great a scientific trust as this has been 
administered by competent and faithful 
hands. 


Tue Scrextivric Mostaty. Pp. 55. Tole- 
do, 0.: FE. H. Firen, Editor and Pro- 
prietor. 

Tue second number of this magazine 
has a diversified table of contents. The 
first article (illustrated) is on “ The Swal- 
low-tailed Kite.” There are two articles 
by Prof. Charles Whittlesey; the one on 
“Rock Inscriptions” in Lorain Co., Ohio, 
and the other a comparison of the Indian 
and the Mound-Builder. The titles of the 
other leading articles are: ‘Climate and 
Disease,” “The Brain,” ‘The Archippus 
3utterfly,” and “Some Atmospheric Phe- 
nomena.” Price, $3.00 per year. 


Tue JocrnaL or Mentat axp Nervous 
Disgase. Chicago : 57 Washington 
Street. Pp. 175. Subscription, 85 per 
annum. 

Tus quarterly eommenees with the Jan- 
uary number a new series. Its editors are 
J. 8. Jewell, M.D., and H. M. Bannister, 
M.D., with Drs. W. A. Hammond, 8. Weir 
Mitchell, and E. H. Clarke, as associate edi- 
tors. This first number of the new series 
contains Dr. Tammond'’s address on “The 
Brain not the Sule Organ of the Mind;” a 
paper by Dr. R. W. Taylor on “ Syphilis of 
the Nervous System ;”? ‘ Pathology of Te- 
tanus,” by Dr. Bannister ; ‘ Pathology of 
the Sympathetic Nervous System,” by Dr. | 
Clark ; ‘‘Trearment of Inebriates,” by Dr. 
N.S. Davis; and “Cerebral Anemia,” by 
Dr. T. L. Teed. 


ScreNcE Byways, 
tor. Pp. 438. 
cott. Price, $4.00, | 

Unper this title Mr. Proctor brings to- | 

gether sixteen essays, originally published | 


By Tuenarp A. Proc- 
Philadelphia: Lippin- 


637 


in various magazines, on a wide range of 
topies. Two of these essays have appeared 
in the Montuy, namely, ‘ Finding the Way 
at Sea,” and ‘Money for Science.” The 
latter subject the author purposes to discuss 


(at greater length in a pamphlet soon to be 


published, As a popular expositor of sei- 
ence Mr. Proetor stands high, and this 
volume will be heartily weleomed by the 
important public to whom the author ad- 
dresses himself. Among the other subjects 
treated in the present yolume, we may Lame 
the following: “Life in Other Worlds,” 
“Comets,” “The Sun a Bubble,” “The 
Weather and the Sun,” “ Rain,” ‘‘ lave we 
Two Brains?” “Automatic Chess and Card 
Playing.” 


Tue American Naturalist begins the 
year 1876 with improved form and increased 
volume; each number now contains 64 
pages. The magazine will be less technical 
than heretofore, and will have some addi- 
tional departments, devoted to geography 
and travel, proceedings of scientific socie- 
ties, ete. The first number issued since the 
“new departure” opens with a paper by 
Prof. A. Gray, entitled “ Burs in the Borage 
Family.” There is also a paper by Rev. 
Samuel Lockwood, in his usual lively style, 
on Anolis principalis, the American analogue 
of the chameleon of the Old World. There 
are five other leading articles in this first 
number. The Naturalist is now published 
by Hurd & Houghton, Boston. Subseription 
price, $4 per annum. 


PUBLICATIONS RECEIVED. 
Native Races of the Faeitie States, By 
H. H. Baneroft. Vol. V. New York: D. 
Appleton & Co. Priee, $5.50. Pp. 726. 
Angola and the River Congo. By J. J. 
Monteiro. Pp. 366, New York: Maemil- 
Jan. Priee, 82.50. : 


The Christ of Paul. By George Reber. 
Pp. 397. New York: Sowerby. 
$2.00. 

Magnetism and Eleetricity. By F, Guth- 
rie. Pp. 364. New York: Putnams. Price, 
$1.50, 

Public Instruetion in Minnesota. 
235, St. Paul: Pioneer Press print. 


Price, 


Pp. 
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The American State. By W. G. Dix. 


Pp. 187. Boston: Estes & Lauriat. Price, 
S150. 
Life Histories of Animals. By A. 8. 


Packard, Jr. New York: IL. 


Holt & Co. 


Pp. 243. 
Price, $2.50. 

Yow to build Ships. Bya Seaman. Pp. 
62. New York: Van Nostrand. Price, 
75 cents. 

Hayden’s Geological Survey of the Ter- 
ritories. Vol. 1. Pp. 304, with numerous 
Plates. Washington: Government Printing- 
Oilice. 

Water and Water-Supply. By W. IE. 
Corfield. Pp. 145. New York: Van Nos- 
trand, Price, 50 cents. 

Principles of Coal-Mining. By J. H. 
Collins, Pp. 150, New York: Putnams. 
Price, 75 cents, 

Wages and Wants of Science-Workers. 
By R. A. Proctor. Pp. 118, London: 
Smith, Elder & Co. 

Imports and Exports of the United 
States. Washington: Government Printing- 
Oltice. 

Supposed Miracles. By Rev. J. M. 
Buckley. Pp. 54. New York: Hurd & 
Houghton. Price, 50 cents. 

Cirenlars of the Education Burean. 
Washington: Government Printing-Office. 

How to construct a Dairy-Room. By 
J. Wilkinson. Pp. 26. Baltimore: J. 
Wilkinson, Trice, 25 cents, 

The Yueea-Borer. By C. V. Riley. Pp. 
23. St. Louis: R. P. Studley. 

" Bulletin of the National Museum. Also 
Bulletin of the Geological and Geographical 
Survey of the Territories, Washington: 
Government Printing-Office. 

Proceedings of the Cincinnati Society 
of Natural [istory. Pp. 12. 

Through and Through the Tropics. 
Frank Vincent, Jr. 
Iarper & Brothers. 


By 


Early Literature of Chemistry. By IL. 
C. Bolton. Vol. 1, Pp. 10. Philadelphia: 
Collins, printer. 


First Anonal Report of the Johns Hop- 


Pp. 804. New York; | 
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kins University. Pp. 84. Baltimore: Boyle 
& Son, printers. 


American Leporide, 
Pp. 8. 


By J. A. Allen. 


Pharmacy in Germany. By F. Woff- 
mann, Pp. 12. Philadelphia: Merrihew 
& Son, printers. 


MISCELLANY. 


Exhibition of Seientitie Apparatas.— 
There will be opened next April, at the 
South Kensington Crystal Palace, London, 
a universal exposition of seientifie instru. 
ments. This exposition will continue for 
six months. Its object is to bring together 
as large a number as possible of scientific 
instruments possessing an historic interest, 
for instance, Tycho Brahe’s astrolabes, Gali- 
leo’s telescopes, Lavoisier's balances, Frank- 
lin’s lightning-rods, the remnants of Charles's 
balloons, Giffard’s injector, Leon Foneault’s 
pendulum and gyroscope, ete. All the cost 
of transportation will be borne by the De- 
partment of Arts and Sciences. The home 
committee consists of one hundred scientific 
men, with the lord-chancellor. It is stated 
in the Ioniteur Industriel Belge that an in- 
vitation has been sent to every civilized na- 
tion to take a part in the exhibition. 


Fossil Conifera.—Prof. J. W. Dawson, 
in the American Journal of Science for Oc- 
tober, invites correspondence from geolo- 
gists who have examined the remains of 
coniferous trees in the carboniferous rocks 
of the United States. Hitherto, he says, 
little attention seems to have beén given 
in this country to these remains of ancient 
vegetation, In Nova Scotia, several species 
are known, and are to some extent charac. 
teristic of definite horizons. In the car- 
boniferous sandstones of the United States 
such remains seem to be frequent, but Dr. 
Dawson has seen no detailed account of 
them. The subject, he adds, is deserving 
of the attention of microseopists in the coal 
districts, as there can be little doubt that 
several interesting species remain to be dis- 
covered; for instance, the curious dicty- 
ozylon of Williamson, found also in Nova 
Scotia, would probably reward patient slie- 
ing of trunks showing structure. The De- 
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yonian has treasures of the same kind. In 
the United States it has already afforded 
Dadorylon Halli from New York, and D. 
Newherryi from Ohio, besides the curious 
Ormorylon Erianwn. No doubt other spe- 
cies remain to be discovered, especially in 
the Upper and Middle Devonian. 


Habits of Wermit-Crabs.—In the -lmer- 
ican Journal of Science for October, Mr. A. 
Agassiz records some observations on the 
hermit-crab. He raised a number of these 
animals from a very early stage in their life 
till they reached the condition in which 
they require the protection of a shell. A 
number of shells, some empty, others occu- 
pied by living mollusks, were now placed in 
the glass dish with the young crabs, The 
empty shells were at once taken possession 
of. The crabs which were not so fortu- 
nate as to obtain uutenanted shells remained 
riding about upon the mouth of their future 
dwelling, and on the death of the tenant, 
which generally occurred soon after in cap- 
tivity, commenced at once to tear out the 
animal, and, having eaten him, proceeded 
to take his place within the shell. The 
question arises, How did the crab acquire 
the faculty of performing this act? Not by 
imitation, in this mstance at least. Possi- 
bly by inheritance; Mr. Agassiz, however, 
is inclined to regard the act as purely me- 
chanical—rendered necessary by the con- 
ditions of the young hermit-erab. ‘* When 
the moult has taken place, which brings 
them to the stage at which they need a 
shell, we find important changes in the two 
hind-pairs of feet, now changed to shorter 
feet capable of propelling the crab in and 
out of the shell; we find, also, that all the 
abdominal appendages except those of the 
last joint are lost, but the great distinction 
between this stage aud the one preceding it 
is the curling of the abdomen; its rings are 
now quite indistinet, and the test covering 
it is reduced to a mere film, so that the 
whole abdomen becomes of course very 
sensitive. It is, therefore, natural that the 
young crab should seek some shelter for 
this exposed portion of his body, and, from 
what I have observed, any cavity will an- 
swer the purpose; one of the young crabs 
having established himself most comfort- 
ably in the anterior part of the cast skin of 
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a small isopod, which seemed to satisty him 
as well as a shell, there being several empty 
shells at his disposal.” 


Position of Science in English Seliools.— 
In their sixth report the British Commission 
on Scientific Instruction relate their obser- 
vations on the state of science-teaching in 
public and endowed schools. The present 
state of scientific instruction in the upper 
schools is declared to be extremely unsatis- 
factory. The returns furnished by the pub- 
lic schools show that, even where seience 
is taught, from one to two honrs’ work per 
week may be regarded, with very few ex- 
ceptions, as the usual time allotted to it in 
such classes as receive scientific instruc. 
tion at all. Moreover, the instruction in 
science is generally confined to certain 
classes in the school. Of the 128 minor en- 
dowed schools from which returns were re- 
ceived, only 18 devote as much as four 
hours per week to the teaching of science, 
and only 13 have a laboratory of any kind. 
The commissioners hold that science is a 
complementary and not an exceptional part 
of education; that it should not he re- 
garded merely as a by-work, whether to 
satisfy the natural curiosity of most, or to 
develop the peculiar tastes of a few; and 
that, if need be, Greek should yield place 
to it in the universal curriculum, 


Liebig’s Influence on German Science. 
—Pr. Thudichum recently delivered a lect- 
ure before the London Xociety of Arts, 
on “Liebig’s Discoveries, and their Influ- 
ence on the Advancement of Arts, Manu. 
factures, and Commerce.” Toward the end 
of the lecture he indicates, as follows, one 
of the indirect effects of Liebig’s research- 
es: “The Prussiav and other German uni- 
yersities now teach students of science and 
agriculture in great numbers, where thirty 
years ago law and theology filled the audi. 
tories. In that time the number of stu- 
dents of Protestant theology has decreased 
in Prussia from upward ot 2,000 to Jess 
than 800, and in Hesse-Darmstadt from 50 
to13. One-sixth of all parsonages are with- 
out incumbents, because there is no one to 
receive the appointments. Such is the be- 
ginning of the great reformation which is 
now being wrought in human affairs by sei- 
ence.” 
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NOTES. 


Tue Smithsonian Institution is making 
a collection to illustrate, at the Centennial 
Exhibition, the resourees of the United 
States as derived from the animal kingdom. 
This colleetion will embrace specimens of 
the animals of the United States whieh are 
hunted or collected for economical pur- 
poses; the products derived from the va- 
rious species; also ihe apparatus or devices 
employed by hunters, trappers, sportsmen, 
anJ others. 


Tue artesian well at the Collier White- 
Lead Works, St. Louis, Missouri, has attained 
a depth of over 700 feet, nearly all of which 
depth has been through limestone. The 
drift is but slightly above the encrinitic 
Hmestone, and has passed through but little 
of either sandstone or chert. The boring 
commeneed in the lower Archimedean lime- 
stone.—Scientifie cmericun. 


A pRoFITaBLE industry in the vicinity 
of Cape May, New Jersey, is the mining of 
ancient cedar-logs in the inire of the swamps, 
In these swamps, says the Monmouth Dem- 
ocrat, are juried enormous trees at a depth 
of from three to ten feet. The logs lie one 
across another, and there is abundant evi- 
dence that they are the growth of sucees- 
sive forests. The mode of searehing for the 
logs is as follows; An iron rod is thrust 
into the soft mud, over whieh, often, the 
water Hes, After several soundings the 
workman is able to tell how the tree lies, 
whieh is its root-end, and how thick it is. 
He then contrives to get a chip from the 
tree, and so determines at once whether it 
is worth the labor of mining, A pit is now 
dug, inte which the water soon flows, filling 
itup. The tree is then cut across with a 
saw at regular intervals, each seetion float- 
ing to the surface. A layer of sueh trees 
is found covered by another layer and these 
again by another, and even a third, while 
living trees may still be growing over all. 


A MARBLE scrojl has been set up in 
Westminster Abbey, bearing an inscription 
in honor of Jeremiah Horrocks. Among 
the labors of his short life the inseription 
signalizes the following: Discovery of the 
long inequality in the mean motion of Ju- 
piter and Saturn; demonstration of the el- 
liptical form of the moon’s orbit; determi- 
nation of the motion of the lunar apse; 
prediction, from his own observations, of 
the transit of Venus in 1689. 


Frery years ago the great auk was found 
in large numbers on the Funk Islands, off 
the coast of Newfoundland, but soon alter 
became extinct. 
nation is briefly told as follows in the Amer- 
tcan Naturalist: The birds were hunted 


The story of its extermi- | 
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for their feathers by the Newfoundland fish- 
ermen, who would row round them in small 
boats and drive them ashore (the auks being 
unable to fly) into pounds. The birds were 
immersed in scalding water to remove the 
feathers, and their bodies were used as fuel 
for boiling the water. It is doubtful if the 
species Alea impennis now exists anywhere 
abont the islands of Newfoundland or Lab- 
rador. 


In the year ending Novernber 30, 1875, 
the Royal Society of London tost 29 Fel- 
lows by death. Of these, fourteen were be- 
tween 70 and 80 years of age, six between 
80 and 90, and three between 90 and 95, 
Of all the Fellows now living, Sir Edward 
Sabine has been for the longest time a 
member of the Society; be was cleeted in 
1818. 


In a paper by John Willis Clarke, pub- 
lished in the Contemporary Review, it is 
stated that the Confederate cruisers Ala- 
bama and Shenandoah, by interfering with 
the American seal-fisherv, preserved the 
breed of the fur-sea] in the Southern Ocean 
from complete extinction, 


Ara recent meeting of the Buffalo So- 
ciety of Natural Science, Prots, Grote and 
Pitt announced the discovery of a marine 
fucoid in the water-line group. The speci- 
men ig one of the best preserved of the 
kind yet discovered. It shows no close 
affinity to any known fucoidal remains. 


LrevTenant Cameron reached Loanda in 
November, having made the journey from 
Zanzibar, including a two months’ survey 
of Lake Tanganyika, iu two years and eight 
mouths. 


Tue California Academy of Sciences is 
now absolute owner of the property given 
to it by Mr. Lick. Its present income, in 
the shape of rents, ts about $4,000, and this 
sum is destined to inerease rapidly. Its 
members number five hundred, including 
seventy-five life members. The donations 
to the museum during the year 1875 were 
numerous and valuable. Atthe last annual 
meeting the vice-president, Mr. Edwards, 
suggested the adoption of some plan of 
distributing the members iu sections of Ge- 
ology, Botany, Entomology, ete., each sec- 
tion to assemble weekly and pass upon pa- 
pers which, if approved, would be presented 
at the fortnightly meetings of the Acad- 
emy. 

Tuer remains of a mastodon have been 
discovered at Lisle, Broome County, New 
York. The portions so far found are a 
piece of tusk 7 fect 3 inches long, and an- 
other piece 2 feet long ; a humerus 88 inch- 
es long; one rib 49 inehes long, and 21 
shorter ribs; the atlas, 10 by 17 inches, 
and several of the caudal vertebra, 
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ON THE BORDER TERRITORY BETWEEN TITE ANT 
MAL AND THE VEGETABLE KINGDOMS. 


Br T. H. HUXLEY, LL. D., FL R.S. 


i lie the whole history of science there is nothing more remarkable 

than the rapidity of the growth of biological knowledge within 
the last half century, and the extent of the modification which has 
thereby been effected in some of the fundamental conceptions of the 
naturalist. 

In the second edition of the “Regne Animal,” published in 1828, 
Cuvier devotes a special section to the “ Division of Organized Beings _ 
into Animals and Vegetables,” in which the question is treated with 
that comprehensiveness of knowledge and clear critical judgment 
which characterize his writings, and justify us in regarding them as 
representative expressions of the most extensive, if not the profound- 
est, knowledge of his time. He tells us that living beings have been 
subdivided from the earliest time into animated beings, which possess 
sense and motion, and iranimated beings, which are devoid of these 
functions, and simply vegetate. 

Although the roots of plants direct themselves toward moisture, 
and their leaves toward air and light; although the parts of some 
plants exhibit oscilating movements without any perceptible cause, 
and the leaves of others retract when touched, yet none of these move- 
ments justify the ascription to plants of perception or of will. 

From the mobility of animals, Cuvier, with his characteristic par- 
tiality for teleological reasoning, deduces the necessity of the exist- 
ence in them of an alimentary cavity or reservoir of food, whence 
their nutrition may be drawn by the vessels, which are 2 sort of in- 
ternal roots; and in the presence of this alimentary cavity he natu- 
rally sees the primary and the most important distinction between 
animals and plants. 
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Following out his teleological argument, Cuvier remarks that the 
organization of this cavity and its appurtenances must needs vary 
according to the nature of the aliment, and the operations which it 
has to undergo, before it can be converted into substances fitted for 
absorption; while the atmosphere and the earth supply plants with 
juices ready prepared, and which can be absorbed immediately. 

As the animal body required to be independent of heat and of the 
atmosphere, there were no means by which the motion of its fluids 
could be produced by internal causes. Tlence arose the second great 
distinetive character of animals, cx the circulatory system, which is 
less important than the digestive, since it was unnecessary, and there- 
fore is absent, in the more simple animals. 

Animals further needed muscles for locomotion and nerves for 
sensibility. ILence, says Cuvier, it was necessary that the chemical 
composition of the animal body should be more complicated than that 
of the plant; and it is so, inasinnch as an additional substance, nitro- 
gen, enters into it as an essential element, while in plants nitrogen 
is only accideutally joined with the three other fundamental constitu- 
ents of organic beings—carbon, hydrogen, and oxygen. Indeed, he 
afterward affirms that nitrogen is peculiar to animals; and herein he 
places the third distinction between the animal and the plant. 

The soil and the atmosphere supply plants with water, composed 
of hydrogen and oxygen; air, consisting of nitrogen and oxygen; and 
carbonic acid, containing carbon and oxygen. They retain the hydro- 
gen and the carbon, exhale the superfluous oxygen, and absorb little 
or no nitrogen. The essential character of vegetable life is the ex- 
halation of oxygen, which is effected through the agency of light. 

Animals, on the contrary, derive their nourishment either directly 
or indirectly from plants. They get rid of the superfluons hydrogen 
and carbon, and accumulate nitrogen. 

The relations of plants and animals to the atmosphere are there- 
fore inverse. The plant withdraws water and carbonic acid from the 
atmosphere, the animal contributes both to it. Respiration—that is, 
the absorption of oxygen, and the exhalation of carbonic acid—is the 
specially animal function of animals, and constitutes their fourth dis- 
tinctive character. 

Thus wrote Cuvier in 1828. But, in the fonrth and fifth decades 
of this century, the greatest and most rapid revolution which biologi- 
eal science has ever undergone was effected by the application of the 
modern microscope to the investigation of organic structure; by the 
introduction of exact and easily manageable methods of conducting 
the chemical analysis of organic compounds; and, finally, by the em- 
ployment of instruments of precision for the measurement of the physi- 
eal forces which are at work in the living economy. 

That the semi-finid contents (which we now term protoplasm) of 
the cells of certain plants, such as the Chare, are in constant and 
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regular motion, was made out by Bonaventura Corti a century ago; 
but the fact, important as it was, fell into oblivion, and had to be re- 
discovered by Treviranus in 1807. Robert Brown noted the most 
complex motions of the protoplasm in the cells of Zradescentia in 
1831; and now such movements of the living substance of plants are 
well known to be some of the most widely-prevalent phenomena of 
vegetable life. 

Agardh, and other of the botanists of Cuvier’s generation, who 
oceupied themselves with the lower plants, had observed that, under 
particular circumstances, the contents of the cells of certain water- 
weeds were set free and moved about with considerable velocity, and 
with all the appearances of spontaneity, as locomotive bodies, which, 
from their similarity to animals of simple organization, were called 
“ gobspores.” 

Even as late at 1845, however, a botanist of Schleiden’s eminence 
deals very skeptically with these statements; and his skepticism was 
the more justified since Ehrenberg, in his elaborate and comprehen- 
sive work on the Znafusoria, had declared the greater number of what 
are now recognized as locomotive plants to be animals. 

At the present day, innumerable plants and free plant-cells are 
known to pass the whole or part of their lives in an actively locomo- 
tive condition, in no wise distinguishable from that of one of the sim- 
pler animals; and, while in this condition, their movements are, to all 
appearance, as spontaneous—as much the product of yvolitiou—as 
those of such animals, 

Hence the teleological argument for Cuvier’s first diagnostic char- 
acter—the presence in animals of an alimentary cavity, or internal 
pocket, in which they can carry about their nutriment, has broken 
down—so far, at least, as his mode of stating it goes, And, with the 
advance of microscopic anatomy, the universality of the fact itself 
among animals has ceased to be predicable. Many animals of even 
complex structure, which live parasitically within others, are wholly 
devoid of an alimentary cavity. Their food is provided for them, not 
only ready cooked, but ready digested, and the alimentary canal, be- 
come superfluous, has disappeared. Again, the males of most rotifers 
have no digestive apparatus; as a German naturalist has remarked, 
they devote themselves entirely to the “ Minnedienst,” and are to be 
reckoned among the few realizations of the Byronic ideal of a lover. 
Finally, amid the lowest forms of animal life, the speck of gelatinous 
protoplasm, which constitutes the whole body, has no permanent di- 
gestive cavity or mouth, but takes in its food anywhere; and digests, 
so to speak, all over its body. 

But, although Cuvier’s leading diagnosis of the animal from the 
plant will not stand a strict test, it remains one of the most constant 
of the distinctive characters of animals, And, if we substitute for the 
possession of an alimentary cavity the power of taking solid nutri- 
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ment into the body and there digesting it, the definition so changed 
will cover all animals, except certain parasites, and the few and ex- 
ceptional eases of non-parasitie animals which do not feed at all. On 
the other hand, the definition thus amended will exclude all ordinary 
yegctable organisms. 

Cuvier himself practically gives up his seeond distinctive mark 
when he adbnits that it is wanting in the simpler animals. 

Vhe third distinction is based on a completely erroneous concep- 
tion of the chemical differences and resemblances between the con- 
stituents of animal and vegetable organisms, for which Cuvier is net 
responsible, as it was current among contemporary chemists. 

It is now established that nitrogen is as essential a constituent of 
vegetable as of animal living matter; and that the latter is, chemi- 
cally speaking, just as complicated as the former, Starchy substances, 
cellulose and sugar, once supposed to be exclusively confined to plants, 
are now known to be regular and normal prodnets of animals, Amy- 
laceons and saccharine substances are largely manufactured, even by 
the highest animals; cellulose is widespread as a constituent of the 
skeletons of the lower animals; and it is probable that amyloid sub- 
stances are universally present in the animal organism, though not in 
the precise form of starch. 

Moreover, although it remains true that there is an inverse re- 
lation between the green plant in sunshine and the animal, in so far 
as, under these circumstances, the green plant decomposes carbonic 
acid, and exhales oxygen, while the animal absorbs oxygen and ex- 
hales carbonic acid; yet the exact investigations of the modern chemi- 
cal investigator of the physiological processes of plants have clearly 
demonstrated the fallacy of attempting to draw any general distine- 
tion between animal and vegetable on this ground, In fact, the differ- 
ence vanishes with the sunshine, even in the case of the green plant; 
which, in the dark, absorbs oxygen and gives out carbonic acid like 
any animal, While those plants, such as the fungi, which contain no 
chlorophyl and are not green, are always, so far as respiration is con- 
cerned, in the exact position of animals. They absorb oxygen and give 
out carbonic acid. 

Thus, by the progress of knowledge, Cuvier’s fourth distinction 
between the animal and the plant has been as completely invalidated 
as the third and second; and even the first can be retained only in a 
modified form and subject to exceptions. 

But has the advance of biology simply tended to break down old 
distinctions, without establishing new ones ? 

With a qualification, to be considered presently, the answer to this 
question is undonbtedly in the affirmative. The famous researches of 
Schwann and Schleiden, in 1837 and the following years, founded the 
modern science of histology, or that branch of anatomy which deals 
with the ultimate visible structure of organisms, as revealed by the 
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microscope; and, from that day to this, the rapid improvement of 
methods of investigation and the energy of a host of accurate observ- 
ers have given greater and greater breadth and firmness to Schwann’s 
great generalization, that a tundamental unity of structure obtains in 
animals and plants; and that, however diverse may be the fabrics, or 
tissues, of which their bodies are composed, all these varied structures 
result from the metamorphoses of morphological units (termed cedds, 
in a more general sense than, that in which the word “cells” was at 
first employed), which are uot only similar in animals and in plants 
respectively, but present a close fundamental resemblance when those 
of animals and those of plants are compared together. 

The contractility which is the fundamental condition of locomotion 
has not only been discovered to exist far more widely among plants 
than was formerly imagined, but, in plants, the act of contraction has 
been found to be accompanied, as Dr. Burdon Sanderson’s interesting 
investigations have shown, by a disturbance of the electrical state of 
the contractile substance comparable to that which was found by Du 
Bois-Reymond to be a concomitant of the activity of ordinary muscle 
in animals, 

Again, I know of no tests by which the reaction of the leaves of the 
sundew and of other plants to stimuli, so fully and carefully studied 
by Mr. Darwin, can be distinguished from those acts of contraction 
following upon stimuli, which are called “ reflex” in animals. 

On each lobe of éhie bilobed leaf of Venus’s fly-trap (Dioncwea mus- 
ceipulu) are three delicate filaments which stand out at right angles 
from the surface of the leaf. Touch one of them with the end of a 
fine human hair, and the lobes of the leaf instantly close together? in 
virtue of an act of contraction of part of their substanee, just as the 
body of a snail contracts into its shell when one of its “horns” is 
irritated, 

The reflex action of the snail is the result of the presence of a ner- 
vous system in that animal. A molecular change takes place in the 
nerve of the tentacle, is propagated to the muscles by which the e body 
is retracted, and, causing them to contract, the act of retraction is 
brought ano: Of course the similarity of the acts does not neces- 
sarily involve the conclusion that the mechanism by which they are 
effected is the same; but it suggests a suspicion of their identity 
which needs careful testing. 

The results of recent fgaities into the strueture of the nervous 
system of animals converge toward the conclusion that the nerve- 
fibres, which we have hitherto regarded as ultiinate clements of ner- 
vous tissue, are not such, but are simply the visible aggregations of 
vastly more attenuated filaments, the diamcter of which dwindles 
down to the limits of our present microscopic vision, greatly as these 
have been extended by modern improvements of the microscope; and 
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that a nerve is, in its essence, nothing but a linear tract of specially 
modified protoplasm between two points of an organism—one of 
which is able to affect the other by means of the communieation so 
established. ILence it is coneeivable that even the simplest living 
heing may possess a nervous system. And the question whether 
plants are provided with a nervous system or not thus aequires a new 
aspect, and presents the histologist and physiologist with a problem 
of extreme difficulty, which must be attacked from a new point of 
view and by the aid of methods which have yet to be invented. 

Thus it must be admitted that plants may be contractile and loco- 
motive; that, while locometive, their movements may have as much 
appearance of spontaneity as those of the Jowest animals; and that 
many exhibit actions comparable to those whieh are bronght about 
by the agency of a nervous system in animals. And it must be 
allowed to be possible that further research may reveal the existence 
of something comparable to a nervous system in plants. So that I 
know not where we can hope to find any absolute distinction between 
animals and plants, unless we return to their mode of nutrition, and 
inquire whether certain differences of a more ocenlt character than 
those imagined to exist by Cuvier, and which certainly hold good for 
the vast majority of animals and plants, are of universal application, 

A bean may be supplied with water in which salts of ammonia 
and certain other mineral salts are dissolved in due proportion; with 
atmospherie air containing its ordinary minute dose of carbonic acid; 
and with nothing else but sunlight and heat. Under these cirenm- 
stanees, unnatural as they are, with proper management, the bean will 
thrust forth its radicle and its plumule; the former will grow down 
into roots, the latter grow up into the stem and leaves of a vigorous 
bean-plant ; and this plant will, in due time, flower and produce its 
crops of beans, just as if it were grown in the garden or in the field, 

The weight of the nitrogenous proteine compounds of the oily, 
starehy, saccharine, and woody substances contained in the full-grown 
plant and its seeds will he vastly greater than the weight of the 
same snbstances contained in the bean from whieh it sprang. But 
nothing has been supplied to the bean save water, earbonie acid, am- 
monia, potash, lime, iron, and the like, in combination with phosphoric, 
sulphnric, and other acids, Neither proteine, nor fat, nor starch, nor 
sugar, nor any substance in the slightest degree resembling them, 
has formed part of the food of the bean. But the weights of the car- 
bon, hydrogen, oxygen, nitrogen, phosphorus, sulphur, and other elc- 
mentary bodies contained in the bean-plant, and in the seeds whieh it 
produces, are exactly equivalent to the weights of the same elements 
which have disappeared from the materials supplied to the bean dur- 
ing its growth. Whence it follows that the bean has taken in only 
the raw materials of its fabric and has manufactured them into bean- 
stuffs. 
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The bean has been able to perform this great chemical feat by the 
help of its green eoloring matter, or ehlorophyl, which, under the 
influence of sunlight, has the marvelous power of decomposing car- 
bonie acid, setting free the oxygen, and laying hold of the earbou whieh 
it contains. In fact, the bean obtains two of the absolutely indis- 
pensable elements of its substance from two distinct sources; the 
watery solution, in which its roots are plunged, contains nitrogen but 
no carbon; the air, to which the leaves are exposed, contains carbon, 
but its nitrogen is in the state of a free gas, in which condition the 
bean can make no use of it;' and the ehlorophyl is the apparatus by 
which the carbon is extracted from the atmospheric carbonic acid— 
the leaves being the ehief laboratories in which this operation is ef- 
feeted. 

The great majority of conspicuous plants are, as everybody knows, 
green; and this arises from the abundance of their chlorophyl. The 
few whieh contain uo chlorophyl and are colorless are unable to ex- 
traet the earbon which they require from atmospheric carbonic aeid, and 
lead a parasitie existence upon other plants; but it by no means fol- 
lows, often as the statement has been repeated, that the manufaetur- 
ing power of plants depends on their chlorophyl and its interaction 
with the rays of the sum, On the contrary, it is easily demonstrated, 
as Pastenr first proved, that the lowest fungi, devoid of chloroplyl, 
or of any substitute for it, as they are, nevertheless possess the char- 
acteristic manntacturing powers of plants in a very high degree. 
Ouly it is necessary that they should be supplied with a different 
kind of raw material; as they eannot extract carbon from carbonie 
acid, they must be furnished with something else that contains earbon. 
Tartaric acid is such a snbstanee; and if a single spore of the com- 
monest and most troublesome of moulds—Penteilliaan—be sown in a 
saucer full of water, in which turtrate of ammonia, with a small per- 
centage of phosphates and sulphates is contained, and kept warm, 
whether in the dark or exposed to light, it will in a short time give 
rise to a thick erust of montd, which contains many million times the 
weight of the original spore in proteine compounds and cellulose. 
Thus we have avery wide basis of faet for the generalization that 
plants are essentially characterized by their manufacturing capacity, 
by their power of working up mere mineral matters into complex or- 
ganic compounds. 

Contrariwise, there is no less wide foundation for the generaliza- 
tion that animals, as Cuvier puts it, depend dircetly or indircetly upon 
plants for the materials of their bodies; that is, cither they are her- 
bivorons, or they eat other animals which are herbivorous, 

But for what constituents of their bodies are animals thus de- 
pendent upon plants? Certainly not for their horny matter; nor for 


1T purposely assume that the air with which the bean is supplied in the case stated 
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chondrine, the proximate chemical element of cartilage; nor for gela- 
tine, nor for syntonine, the constituent of muscle; nor for their nervous 
or biliary substances; nor for their amyloid matters, nor, necessarily, 
for their fats. 

Jt can be experimentally demonstrated that animals can make 
these for themselves. But that which they cannot make, but must in 
all known cases obtain directly or indireetly from plants, is the peenl- 
lar nitrogenous matter proteine. Thus the plant is the ideal prolé- 
tuire of the living world, the worker who produces; the animal, the 
ideal aristocrat, who mostly occupies himself in consuming, after the 
manner of that noble representative of the line of Zihdarm, whose 
epitaph is written in “Sartor Resartus.” 

Tlere ts our last hope of finding a sharp line of demarkation between 
plants and animals; for, as I have already hinted, there is a border- 
territory between the two kingdoms, a sort of no-man’s land, the in- 
habitants of which certainly cannot be discriminated and brought to 
their proper allegiance in any other way. 

Some months ago, Prof. Tyndall asked me to examine a drop of 
infusion of hay, placed under an excellent and powerful microscope, 
and to tell him what I thought some organisms visible in it were. I 
looked and observed, in the first place, multitudes of Bacteria moving 
about with their ordinary intermittent spasmodic wriggles. As to the 
vegetable nature of these there is now no doubt. Not only does the 
close resemblance of the Bacteria to unquestionable plants, such as the 
Oseillatoriv, and lower forms of Fungi, justify this conclusion, but the 
manufacturing test settles the question at once. It is only needful to 
add a miuute drop of fluid containing Baeterta, to water in which 
tartrate, phosphate, and sulphate of ammonia are dissolved, and, in a 
very short space of time, the clear fluid becomes milky by reason of 
their prodigious multiplication, which, of course, implies the manu- 
facture of living Bacterium-stuff out of these merely saline matters, 

But other active organisms, very much larger than the Bacteria, 
attaining in fact the comparatively gigantic dimensions of a;4, of an 
inch or more, incessantly crossed the field of view. Each of these had 
a body shaped like a pear, the small end being slightly ineurved and 
produced into a long eurved filament, or elim, of extreme tenuity. 
Behind this, from the coneave side of the ineurvation, proceeded an- 
other long cilium, so delicate as to be discernible only by the use of 
the highest powers and careful management of the light. In the cen- 
tre of the pear-shaped body a clear round space eould occasionally be 
discerned, but not always; and careful watching showed that this 
clear vacuity appeared gradually, and then shut up and disappeared 
suddenly, at regular intervals, Such a structure is of common occur- 
rence among the lowest plants and animals, and is known as a contrac- 
tile vacuole, 

The little creature thus described sometimes propelled itself with 
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great activity, with a curious rolling motion, by the lashing of the 
front cilium, while the second cilium trailed behind; sometimes it 
anchored itself by the binder ciliam and was spun round by the work- 
ing of the other, its motions resembling those of an anchor-buoy in a 
heavy sea. Sometimes, when two were in full career toward one au- 
other, each would appear dexterously to get out of the other’s way ; 
sometimes a crowd would assemble and jostle one another, with as 
much semblance of individual effort as a spectator on the Grands 
Mulets might observe with a telescope among the specks representing 
men in the valley of Chamounix. 

The spectacle, though always surprising, was not new to me. So 
my reply to the question put to me was, that these organisms were 
what biologists call Afonads, and though they might be animals, it 
was also possible that they might, like the Bucteria, be plants. My 
friend received my verdict with an expression which showed a sad 
want of respect for authority. He would as soon believe that a sheep 

yas a plant. Naturally piqued by this want of faith, I have thought 
a good deal over the matter; and as [ still rest in the lame conclusion 
I originally expressed, and must even now confess that I cannot cer- 
tainly say whether this creature is an animal or a plant, I think it may 
be well to state the grounds of my hesitation at length. But, in the 
first place, in order that Imay conveniently distinguish this “monad ” 
from the multitude of other things which go by the same designation, 
I must give it a name of its own. I think (though, for reasons which 
need not be stated at present, Lam not quite sure) that it is identical 
with the species Monas lens, as defined by the eminent French micro- 
scopist Dujardin, though his magnifying power was probably insuffi- 
cient to enable him to see that it is curiously like a much larger form 
of monad which he has named ZZeteromita. I shall, therefore, call it 
not Monas, but Heteromita lens. 

I have been unable to devote to my LMeteromita the prolonged 
study needful to work out its whole history, which would involve 
weeks, or it may be mouths, of unremitting attention, But I the less 
regret this circumstance, as some remarkable observations, recently 
published by Messrs. Dallinger and Drysdale, on certain monads, 
relate, in part, to a form so similar to my //eteromita lens, that the 
history of the one may be used to illustrate that of the other. These 
most patient and painstaking observers, who employed the highest 
attainable powers of the microscope and, relieving one another, kept 
watch day and night over the same individual monads, have been en- 
abled to trace out the whole history of their Zcteromita ; which they 
found in infusions of the heads of fishes of the cod tribe. 

Of the four monads described and figured by these investigators, 

) “Researches in the Life-history of a Cercomonad: a Lesson in Biogenesis,” and 
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one, as I have said, very closely resembles ZZeteromita lens in every 
particular, except that it has a separately distinguishable central par- 
ticle or “nucleus,” which is not certainly to be made out in Z/etero- 
ita dens ; and that nothing is said by Messrs. Dallinger and Drysdale 
of the existence of a contractile vacuole in this monad, though they 
describe it in another. 

Their J/eteromita, however, multiplied rapidly by fission. Some- 
times a transverse constriction appeared ; the hinder half developed a 
new cilium, and the hinder cilium gradually split from its base to its 
free end, until it was divided into two; a process which, considering 
the fact that this fine filament cannot be much more than zojoy9 of au 
inch in diameter, is wonderful enough. The constriction of the body 
extended inward until the two portions were united by a narrow isth- 
mus; finally they separated, and cach swam away by itscli, a eom- 
plete Jfeteromita, provided with its two cilia. Sometimes the con- 
striction took a longitudinal direction, with the same ultimate result. 
In each ease the process oceupicd not more than six or seven minutes. 
At this rate, a single Z/eteromita would give rise to a thousand like 
itself in the course of an hour, to about a million in two hours, and to 
a number greater than the generally-assumed number of human beings 
now living in the world in three hours; or, if we give each Lleteromita 
an hour’s enjoyment of individual existence, the same result will be 
obtained in about a day. The apparent suddenness of the appearance 
of multitudes of such organisms as these, in any nutritive fluid to 
which one obtains access, is thus easily explained. 

During these processes of multiplication by fission, the ZZeteromita 
remains active; but sometimes another mode of fission oceurs. The 
body becomes rounded and quiescent, or nearly so, and, while in this 
resting state, divides into two portions, each of which is rapidly ecn- 
verted into an active HHeteromita, 

A still more remarkable phenomenon is that kind of multipliea- 
tion which is preceded by the union of two monads, by a process 
which is termed conjugation. Two active LHeteromite become applied 
to one another, and then slowly and gradually coalesce into one body. 
The two nuclei run into one; and the mass resulting from the conju- 
gation of the two Heteromite, thus fused together, has a triangular 
form. The two pairs of cilia are to be seen, for some time, at two of 
the angles, which answer to the small ends of the conjoined monads ; 
but they ultimately vanish, and the twin organism, in which all visi- 
ble traces of organization have disappeared, falls into a state of rest. 
Sudden wave-like movements of its substance next occur; and, in a 
short time, the apices of the triangular mass burst, and give exit to a 
dense yellowish, glairy fluid filled with minute granules. This pro- 
eess, which, it will be observed, involves the actual confluence and 
mixture of the substance of two distinct organisms, is effected in the 
space of about two hours. 
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The authors whom I quote say that they “cannot express ” the ex- 
cessive minuteness of the granules in question, and they estimate 
their diameter at less than gzggggp of an inch. Under the highest 
powers of the microscope at present applicable, such specks are hardly 
discernible. Nevertheless, particles of this size are massive when 
compared to physical molecules; whence there is 10 reason to doubt 
that each, small as it is, may have a molecular structure sufficiently 
complex to give rise to the phenomena of life. And, as a matter of 
fact, by patient watching of the place at which these infinitesimal 
living particles were discharged, our observers assured themselves of 
their growth and development into new monads. These, in about 
four hours from their being set free, had attained a sixth of the length 
of the parent, with the characteristic cilia, though at first they were 
quite motionless; and in fowr hours more they had attained the di- 
mensions and exhibited all the activity of the adult. These incon- 
ceivably minute particles are therefore the germs of the Lleteromita ; 
and from the dimensions of these germs it is easily shown that the 
body formed by conjugation may, at a low estimate, have given exit 
to 30,000 of them; a result of a matrimonial process whereby the con- 
tracting parties, without a metaphor, “become one flesh,” enongh to 
make a Malthusian despair of the future of the universe. 

Tam not aware that the investigators from whom I have borrowed 
this history have endeavored to ascertain whether their monads take 
solid nutriment or not; so that, though they help us very much to fill 
up the blanks in the history of my //eteroimita, their observations 
throw uo light on the problein we are trying to solve—Is it an animal 
or is it a plant? 

Undoubtedly it is possible to bring forward very strong argu- 
ments in favor of regarding Zeteromita as a plaut. 

For example, there is a fungus, an obscure and almost microscopic 
mould, termed Peronospora infestans, Like many other fungi, the 
Peronospore are parasitic upon other plants; and this partienlar Pe- 
ronospora happens to have attained much notoriety and political im- 
portance, in a way uot without a parallel in the career of notorious 
politicians, namely, by reason of the frightful mischief it has done to 
mankind. For it is this Fungus whieh is the eause of the potato-dis- 
ease ; and, therefore, Peronospora infestans (doubtless of exclusively 
Saxon origin, though not acenrately known to be so) brought about 
the Irish famine. The plants afflicted with the malady are found to 
be infested by a monld, consisting of fine tubular filaments, termed 
hyphe, which burrow through the substance of the potato-plant, 
and appropriate to themselves the substance of their host; while, at 
the same time, directly or indirectly, they set up chemical changes 
by which even its woody framework becomes blackened, sodden, 
and withered. 

In structure, however, the Peronospora is as much a mould as the 
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common Penieilium ; and just as the Penicillium multiplies by the 
breaking up of its hyphe into separate rounded bodies, the spores, 
so, in the eronospora, certain of the hyphe grow out into the air 
through the interstices of the superficial cells of the potato-plant, and 
develop spores. Each of these hyphe usually gives otf several 
branches. The ends of the branches dilate and become closed sacs, 
which eventually drop off as spores, The spores falling on some part 
of the same potato-plant, or carried by the wind to another, may at 
once germinate, throwing out tubular prolongations which beeome 
hypli, and burrow into the substance of the plant attacked. But, 
more commonly, the contents of the spore divide into six or eight 
separate portions. The coat of the spore gives way, and each portion 
then emerges as an independent organism, which has the shape of a 
bean, rather narrower at one end thau the other, convex on one side, 
and depressed or concave on the opposite. From the depression, two 
long and delicate cilia proceed, one shorter than the other, and di- 
rected forward, Close io the origin of these cilia, in the substance 
of the body, is a regularly-pulsating contractile vacuole. The shorter 
cilium vibrates actively, and effeets the locomotion of the organism, 
while the other trails behind, the whole body rolling on its axis with 
its pointed end forward. 

The eminent botanist, De Bary, who was not thinking of our 
problem, tells us, in deseribing the movements of these “ zoospores,” 
that, as they swim about, “ foreign bodies are carefully avoided, and 
the whole movement has a deceptive likeness to the voluntary changes 
of place which are observed in microseopie animals.” 

After swarming about in this way in the moisture on the surface 
of a leaf or stem (which, film though it may be, is an ocean to such a 
fish) for half an hour, more or less, the movement of the zodspore be- 
comes slower, and is limited to a slow turning upon its axis, without 
change of place. It then becomes quite quiet, the cilia disappear, it 
assumes a spherical form, and surrounds itself with a distinct though 
delicate membranous coat. A protuberance then grows out from 
one side of the sphere, and, rapidly increasing in length, assumes the 
character of ahypha. The latter penetrates into the substance of the 
potato-plant, either by entering a stomate or by boring through the 
wall of an epidermic cell, and ramifies, as a mycelium, in the substance 
of the plant, destroying the tissues with which it comes in contact. 
As these processes of multiplication take place very rapidly, millions 
of spores are soon set free from a single infested plant ; and from their 
minuteness they are readily transported by the gentlest breeze. Since, 
again, the zodspores set free from each spore, in virtue of their powers 
of locomotion, swiftly disperee themselves over the surface, it is no 
wonder that the infection, once started, soon spreads from field to 
field, and extends its ravages over a whole country. 

However, it does not enter into my present plan to treat of the 
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potato-disease, instructively as its history bears upon that of other 
epidemics; and I have selected the case of the Peronospora simply 
beeause it affords an example of an organism, which, in one stage of 
its existence, is truly a “monad,” indistinguishable by any important 
character from our /Zeteromita, and extraordinarily like it in some 
respects, And yet this “imonad” can be traced, step by step, through 
the series of metamorphoses which I have described, until it assumes 
the features of an organism, which is as much a plant as an oak or au 
elm is. 

Moreover, it would be possible to pursue the analogy further. 
Under certain circumstances, a process of conjugation takes place in 
the Peronospora. Two separate portions of its protoplasm become 
fused together, surround themselves with a thick coat, and give rise 
to a sort of vegetable egg called an odspore. After a period of rest, 
the contents of the odspore break up into a number of zodspores like 
those already described, each of which, after a period of activity, 
germinates in the ordinary way. This process obviously corresponds 
with the conjugation and subsequent setting free of germs in the 
Heteromita. 

But it may be said that the Peronosporc is, after all, a questionable 
sort of plant; that it seems to be wanting im the manufacturing 
power, selected as the main distinctive character of vegetable life; 
or, at any rate, that there is no proof that it does not get its proteine 
matter ready made from the potato-plant. 

Let us, therefore, take a case which is not open to these objec- 
tions. 

There are some small plants known to botanists as members of the 
genus Coleochete, which, without being truly parasitie, grow upon 
certain water-weeds, as lichens grow upon trees. The little plant has 
the form of an elegant green star, the branching arms of which are 
divided into cells, Its greenness is dne to its chlorophy], and it 
undoubtedly has the manufacturing power in full degree, decom- 
posing carbonic acid and setting free oxygen under the influence 
of sunlight. 

But the protoplasmic contents of some of the cells of which the 
plant is made up occasionally divide, by a method similar to that 
which effects the division of the contents of the Jeronospora-spore ; 
and the severed portions are then set free as active mouad-like zoi- 
spores, Each ts oval and is provided at one extremity with two long 
active cilia. Propelled by these, it swims about for a longer or 
shorter time, but at length comes to a state of rest, and gradually 
grows into a Coleochete. 

Moreover, as in the Peronospora, conjugation may take place and 
result in an odspore; the contents of which divide and are set free as 
monadiform germs. 

If the whole history of the zodspores of Peronospora and Colco- 
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chete were unknown, they would undoubtedly be classed among 
“monads” with the same right as LHeteromita ; why, then, may not 
Ihteromita be a plant, even though the cycle of forms through which 
it passes shows no terms guite so complex as those which oecur in 
Peronospora and Coleochete? And, in fact, there are some green 
organisins, in every respect characteristically plants, such as Chlamy- 
domonas, and the common J"olvox, or so-called “ Globe animaleule,” 
which run through a cycle of forms of just the same simple charaeter 
as those of Lleteromita. 

The name of Chlamydomonas is applied to certain microseupie 
green bodies, each of which consists of a protoplasmic central sub- 
stance invested by a structureless sac. The latter contains cellulose, 
as in ordinary plants; and the chlorophyl which gives the green 
color enables the Chiainydomonas to decompose carbonic acid and fix 
carbon, as they do, Two long cilia protrude through the cell-wall, 
and cffeet the rapid locomotion of this “ monad,” whieh, in all respects 
except its mobility, is characteristieally a plant. 

Under ordinary cireumstanees the Chlamydomonas multiplies by 
simple fission, each splitting into two or into four parts, which sepa- 
rate and become independent organisms. Sometimes, however, the 
Chiumydomonas divides into eight parts, each of which is provided 
with four mstead of two cilia. These “ zoéspores” conjugate in 
pairs, and give rise to quiescent bodies, which multiply by division, 
and eventually pass into the active state. 

Thus, so far as outward form and the general character of the eycle 
of modifications through which the organism passes in the course of 
its life are concerned, the resemblance between Chlamydomonas and 
Letcromita is of the closest description. And on the face of the 
matter there is no ground for refusing to admit that ZZeteromita may 
be related to Chlamydomonas, as the colorless fungus is to the green 
alga. Volvox may be compared to a hollow sphere, the wall of which 
is made up of coherent Chlamydomonads; and which progresses with 
a rotating motion effceted by the paddling of the mnltitudinous pairs 
of cilia which project from its surface. Each JVolvoz-monad has a 
contractile vacuole like that of J/cteromita lens ; and, moreover, pos- 
sesses a red pigment-spot like the simplest form of eye known among 
animals. 

The methods of fissive multiplication and of conjugation observed 
in the monads of this locomotive globe are essentially similar to those 
observed in Chlamydomonas ; and, though a hard battle has been 
fought over it, Volvox is now finally surrendered to the botanists, 

Thus there is really no reason why Z/eteromita may not be a plant; 
and this conclnsion would be very satisfactory, if it were not equally 
easy to show that there is really no reason why it should not be an 
animal, 

For there are numerous organisms presenting the closest resem- 
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blance to FHeterométa, and, like it, grouped under the general name of 
* Monads,” which, nevertheless, can be observed to take in solid nu- 
triment, and which therefore have a virtual, if not an actnal, mouth 
and digestive cavity, and thus come under Cuvier’s definition of an 
animal. Numerous forms of such animals have been described by 
Ehrenberg, Dujardin, DW. James Clark, and other writers on the Zi- 
Susoria. 

Indeed, in another infusion of hay in which my J/eteromitu lens 
occurred, there were innumerable infusorial animalcules belonging to 
the well-known species Colpoda cucullus.' 

Full-sized specimens of this animalenle attain a length of between 
gig OF ghy of an inch, so that it may have ten times the length and a 
thousand times the mass of a Heferomitu. In shape it is not alto- 
gether unlike ZZeteromita. The small end, however, is not produced 
into one long cilium, but the general surface of the body is covered 
with small, actively-vibrating ciliary organs, which are only longest 
at the small end, At the point which answers to that from which the 
two cilia arise in ZZetcromita, there is a conical depression, the mouth ; 
and in young specimens a tapering filament, which reminds one of the 
posterior cilium of Z/eteromita, projects from this region. 

The bady consists of a soft granular protoplasmic substance, the 
middle of which is oeeupied by a large oval mass called the “ nu- 
cleus;” while at its hinder end is a “contractile vacuole,” conspicu- 
ous by its regular rhythmie appearances and disappearanees. Obvi- 
ously, although the Colpodu is not a monad, it differs from one only 
in subordinate details, Moreover, under certain conditions, it becomes 
quiescent, incloses itself in a delicate case or cyst, and then divides 
into two, four, or more portions, which are eventually sct free and 
swim about as active Colpode. 

But this creature is an unmistakable animal, and full-sized Colpodw 
may be fed as easily as one feeds chickens. It is only needful to 
diffuse very finely-ground carmine through the water in which they 
live, and, in a very short time, the bodies of the Colpode are stuffed 
with the deeply-colored granules of the pigment. 

And if this were not sufficient evidence of the animality of Col- 
poda, there comes the fact that it is even more similar to another 
well-known animaleule, Paramcehon, than it is to a monad. But 
Paramecium is so huge a creature compared with those hitherto dis- 
cussed—it reaches ;4,5 of an inch or more in length—that there is no 
difticulty in making ont its organization in detail; and in proving 
that it is not only an animal, but that it is an animal which possesses 
a somewhat complicated organization. For example, the surface-layer 
of its body is different in structure from the deeper parts. There are 
two contractile vacuoles, from each of which radiates a system of 
vessel-like canals; and not only is there a conical depression continu- 


1 Excellently described by Stein, almost all of whose statements I have verified. 
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ous with a tube, which serve as mouth and gullet, but the food in- 
gested tukes a definite course and refuse is rejected from a definite 
region. Nothing is easier than to feed these animals and to watch 
the particles of indigo or carmine accumulate at the lower end of the 
gullet. From this they gradnally project, surrounded by a ball of 
water, Which at length passes with a jerk, oddly simulating a gulp, 
into the pulpy central substance of the body, there to cirenlate up one 
side and down the other, until its contents are digested and assimi- 
lated. Nevertheless, this complex animal multiplies by division, as 
the monad does, and, like the monad, undergoes conjugation. It 
stands in the same relation to Z/eteromita on the animal side, as Co- 
leochete does on the plant side. Start from either, and such an in- 
sensible series of gradations leads to the monad that it is impossible 
to say at any stage of the progress, Here the line between the ani- 
nial and the plant must be drawn. 

There is reason to think that certain organisms which pass throngh 
a mouad stage of existence, such as the Myxomycetes, are, at one time 
of their lives, dependent upon external sources for their protcine-mat- 
ter, or are animals, and at another period manufacture it, or are 
plants. And, seeing that the whole progress of modern investigation 
is in favor of the doctrine of continuity, itis a fair and probable spee- 
wation—though only a speculation—that, as there are some plants 
which can manufacture proteine out of such apparently intractable min- 
eral matters as carbonic acid, water, nitrate of ammonia, and metallic 
salts, while others need to be supplied with their carbon and nitrogen 
in the somewhat less raw form of tartrate of ammonia and allied com- 
pounds, so there may be yet others, as is possibly the case with the 
true parasitic plants, which can only manage to put together materials 
still better prepared—still more nearly approximated to proteiIne— 
until we arrive at such organisms as the Psorospermie and the Pan- 
histophyton, which are as much animal as vegetable in structure, but 
are animal in their dependence on other organisms for their food. 

The singular circumstance observed by Meyer, that the Zorula of 
yeast, though an indubitable plant, still flourishes most vigorously 
when supplied with the complex nitrogenous substance, pepsin; the 
probability that the Peronospora is nourished directly by the proto- 
plasm of the potato-plant; and the wonderful facts which have 
recently been bronght to light respecting insectivorons plants, all 
favor this view; and tend to the conclusion that the difference be- 
tween animal and plant is one of degree rather than of kind; and that 
the problem, whether, in a given case, an organism is an animal or a 
plant, may be essentially insoluble-—Macmillan’s Magazine. 
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AN INTERESTING BIRD. 


By J. ll. KIDDER, M. D., 
PASSED ASSISTANT SURGEON, UNITED STATES NAVY. 


ERGUELEN Island is in latitude 48°-49° sonth ; longitude 70° 

east from Greenwich. That is to say, it is in the Sonth Indian 
Ocean, about half-way between the Cape of Good Tope and Anstra- 
lia, but well to the southward of both, It is rather an arehipelago 
than an island, innumerable small peaks being grouped around and in 
the estuaries of a eentral mass of voleanie roek, about ninety miles 
long by fifty wide, and shaped somewhat like a spider, of which its 
numerous long promontories and peninsulas represent the legs. Be- 


Fig. 1.—Twe SHEATH-BILL OF KERGUELEN ISLAND. 


ing treeless, barren, uninhabited, and uninhabitable, and situated in a 
region given over to boisterous gales and continual rain or snow, it 
is a country seldom visited. It was diseovered about a hundred years 
ago, by the unfortunate Lieutenant Kerguelen, of the French marine, 
and about two years afterward found again by Captain Cook, who 
gave it the name of Desolation Island. During May, June, and July, 
1840, Sir James Clark Ross remained there with the Erebus and Ter- 
VoL. viti,—42 
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ror; and it is to this visit, and to the fact that Dr. Joseph D. Hooker 
was botanist to the expedition, that we owe ow present full knowl- 
edge of the botany of the island, Had it not been long noted as a 
favorite breeding-place for the sea-elephant, and hence resorted to 
by sealers and whalers, it is doubtful whether any human being, other 
than the intrepid explorers already alluded to, would have eared to 
visit so desolate and forbidding a spot, until it came to be fixed upon 
as a locality whence the transit of Venus could advantageously be 
observed, 

Lying, as this island does, upon the very skirts of the world, 
far removed from any large body of land, and so placed as to be very 
unlikely to receive additions te its flora and fauna by the agency of 
either winds or currents, it was to be expected that its natural history 
would present very many peculiarities, both of form and of adaptation. 
Its flora, accordingly, and invertebrate aniinal life include an unusually 
large number of genera and species peculiar to the island and its near 
neighbors ; a fact which, considered in connection with its geological 
characters, has led some scientific men* to regard it as oue of the few 
remaining peaks of a great Antarctic Continent, probably (judging 
from its botanical relations) once continuous with that of South 
America, 

Even among birds there are at least two species not found else- 
where, one of which, the Chionis minor of Hartlaub, or White Pad- 
dy, sheath-bill, aud “ sore-eyed pigeon” of sealers and whalers, I pro- 
pose to give a short account of, 

It was first seen by the transit-of-Venus parties and ship’s com- 
pany of the Swatara on the 11th of September, 1874, as that ves- 
sel was steaming up Royal Sound toward the spot selected as 
the observing station of the Kerguelen part of the expedition. It 
was a very pretty white bird, of about the size and much the appear- 
ance of a large pigeon, which came flying over from the shore, and 
alighted on the keel of a boat that had been secured bottom-up at the 
stern-davits. It walked up and down the keel of the boat, turning its 
head from side to side, and examining with great curiosity the crowd 
of interested spectators gathered on the poop, but showing not the 
slightest fear. After a few minutes it flew back again, with a note, 
while flying, not unlike the “chat-chat”” of the common blackbird, 
That afternoon several were caught without difficulty; some were 
knocked down with stones, aud some were actually taken, unhurt, by 
hand, being approached very gradually, and fed with crumbs until 
they came within reach. 

The nearer examination thus afforded gave us a plump bird, much 
like a pigeon in size and shape, of pure white, very soft and downy 
plumage, and with bright black eves, surrounded by a quite distinct, 


1 See ‘Flora Antarctica,” by Dr. J. D. Hooker (London, Reeve Brothers, 1847), vol 
ii., pp. 210-220, inter alia, 
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pale-pink eyelid (whence the name “sore-eyed pigeon”). The bill 
was black, conical, and very strong; the nostrils oval, placed at about 
the centre of the bill, and direeted fore-and-aft. Covering just half 
of the nostril on each side was the curved anterior edge of a saddle- 
shaped horny sheath (Fig. 2), also black, and bestriding the posterior 
half of the bill. The pomme! of the saddie was canted upward, so as 
to clear the bill by about three-tenths of an inch; its cantle was lost 
in the short feathers covering the forehead, and the flaps continued 
downward on each side, becoming soldered to the upper mandible 


Fic. 2.—HEAaD oF CHIONIS MINOR. 


near its base, On each side they sent up a black fleshy process (ca- 
runcle), deeply pitted with holes, which lay in contact with the upper 
eyelid, And, a fact not before observed, on clipping away the fore- 
head-feathers, this black fleshy mass was found to extend entirely 
across the forehead, like the upper part of a blaek-silk domino, the lit- 
tle feathers which hide it during life passing through the holes with 
which it was everywhere pitted (Fig. 3). The legs were stout, pale 
flesh-colored, and scaly, with large, pavement-like knobs, but not 
what ornithologists call “ scutellated,” excepting over the upper sur- 
faces of the toes. There were four toes, the first or hinder one being 
of good size tor a hind-toe, and elevated above the rest, arising a lit- 
tle to the inner side of the leg. The claws were large, blunt, and 
black, and on the wrist-joint of each wing was a small black knob, 
like a spur (flesh-colored in females and young birds), which was 
afterward found to be supported by a distinet bony process, or exos- 
tosis, from the bone of the wing. The tail was very slightly rounded, 
and composed of twelve feathers—the wing-primaries were ten, and 
the first three of equal length. 

It may be as well to mention here that this species was erected 
by Dr. Hartlanb in 1841, when he wrote to the Revue Zodlogique' 


1 Revue Zodlogique, 1841, p. 5. 
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that he had found in the museum at Leyden a new species of chionis, 
“ patrie inconnue.” He called it Chionis minor, and distinguished it 
from Forster’s Chionis alba, described in 1788, as being of smaller 
size, having a 6/ack bill and sheath, aud a fieshy process of the same 
color over the eye. He also noted the color of the thickened eyelid 
and of the legs, and gave measurements of the principal dimensions, 
In 1842? appeared in the same journal a drawing of the head of the 
Leyden specimen, also from Dr, Hartlaub. 

In 1849 it was figured by G. R. Gray,’ being classed by him with 
the Gallinw or fowl order, and associated with two other curious ant- 


Fig. 3.—Brtu oF Cuionis, WITH FRONTAL FEATHERS CUT AWAY, TO SHOW THE CARUNCLE. 


aretic genera, called Ziinocorus and Attagis. It would seem proba- 
ble that Gray’s drawing was made from the Leyden specimen also, 
since I have been able to find a record of only three other individu- 
als (besides the eleven specimens brought to the National Museum 
by myself), all of which were sent to the Zodlogical Society. These 
were: a living specimen sent from Cape Town by Mr, Layard, of 
which the skin was exhibited to the society by Mr. Sclater, November 
28, 1867;° and two skins received October 26, 1868,‘ also from Mr. 
Layard. All three of these specimens came originally from the Crozet 
Islands, which lie about six hundred miles to the west of Kerguelen, 
and present substantially the same natural history characteristics. 


! Revue Zodlogique, 1842, pl. 2, Fig. 2. 2« Genera of Birds,” 1849, p. 522. 
3“ Proceedings of Zodlogical Society,” 1867. 4Ibid., 1868. 
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An egg was received by the Zovlogical Society * in January, 1871, 
and described by Mr. Alfred Newton as the first of cither species of 
the genus ever known, overlooking Mr. Layard’s description of the 
egg of C. minor published in 1867.7 Schlegel gives a figure and 
some description,’ which I suppose, from the date, to refer also to the 
Leyden specimen, but have not yet been able to get access to the 
article. 

If there ever were any other specimens, I have not been able to 
find the record of their receipt; and, whether there be or not, it is 
very evident that the birds are but little known to science, since the 
history of the species can be summed up in so few lines. 

During a four months’ residence on Kerguelen Island J had ample 
opportunity for observing the habits of the few living things which 
inhabited it, and none were more interesting in their ways than the 
chionis. Two or three lived near our huts, frequenting the rocks 
along the shore between tides. They were particularly plentiful upon 
a bold promontory called Malloy’s Point, where many cormorants 
nested ; and at another place, some two miles away, where the débris 
broken off from lofty, precipitous cliffs had made a sort of “lean-to” 
of irregular fragments of rocks. Here, likewise, was a nesting-place 
for cormorants, and also a great rookery of the curious “ rock-hop- 
pers,” or crested penguins. These two birds were the chosen com- 
panions of the chionis, which lived with them on terms of perfect 
friendship and close association. One day (October 15th), seeing a 
large number of white specks on the farther side of Malloy’s Point, I 
began to approach them yery cautiously, so as to watch their move- 
ments at closer gnarters. Caution proved, however, to be quite 
thrown away in that instance, since so great was the curiosity of the 
birds that they would scarcely get out of my way. When I finally 
sat down upon a rock and kept perfectly still for a few moments, they 
crowded around me like a mob of strect-boys around an organ-grinder. 
Others flew up from more distant rocks, apparently called by the 
short, rattling croaks of those already near, and some came almost 
within reach of my arm. All seemed perfectly fearless and trustful, 
and very unlike in this respect to any other birds that I had ever seen. 
They ran with great swiftness over the rocks, stopping now and then 
to peck at a common green sea-weed (udva), upon which they seemed 
to feed, shaking the water from it by a rapid, flirting motion of the 
bill, In running over the rocks they rather avoided the little pools 
of water left by the tide, seeming to dislike wetting their feet. 

After sufficient time spent in observation, I changed the cartridges 
in my gun for others loaded with small shot, and moved off, so as to 
get far enough away to shoot two or three without tearing the skins; 
not without a good deal of compunction at destroying their friendly 

1 “Proceedings of Zodlogical Society,” 1871, p. 57. 2 Tbid., 1867, p. 458. 

‘andl. Nierk., pl. 5—De Dierk., Fig., p. 232, 
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illusions. '[he interest of all was at once renewed; some started to 
follow me, making little swift runs and stopping short to look, 
Even after one had been shot they seemed rather startled than fright- 
ened by the noise of the gun, A few flew off for a short distance, 
but most remained, looking from me to the dead bird with great sur- 
prise, so that I was enabled to seeure four specimens without moving 
from where I stood. 

On subsequent occasions several specimens were captured alive, by 
hand, all that was necessary being to remain perfectly still, and feed 
them with bread-erambs until they ventured within reach. When 
brought home, and let loose within-doors, they still showed no fear, 
running about the room actively, eating freely what was given them, 
and, oddly enough, fighting fiercely among themselves (a habit which 
I never observed an instance of when they were in the open air), but 
never using their wing-spurs as weapons. We put several of them 
into an extemporized coop, where they fought and pecked at the wood- 
work all night, chirping the while so like chickens that I once got up, 
thinking that some of our fowls had been fastened into the house, 
When shut ap in this way they bore the confinement very illy, beat- 
ing themselves constantly against the bars of the cage, and pecking 
fiereely at the woodwork. They would often stay around the house 
for several days, however, when let loose, ranning with our chickens 
and feeding with them like tame pigeons. One, whose wing had been 
clipped, remained for a week or more, but finally wandered off and was 
killed by the great sonthern skua which fills the place of a hawk in 
those regions. 

Cuvier,’ on the authority of Vicillot, attributes to the larger species 
a propensity for carrion, and a power of erecting the horny sheath, 
neither of which characters was to be found in those which we ob- 
served. The Australian species (identical with Chionés alba of Fors- 
ter?) was named C. necrophaya by Vieillot on this account, but our 
chionis was one of the very few birds never found feeding on carrion. 
It was quite omnivorous in its diet, taking with equal readiness bread, 
vegetables, and fresh meat. The sheath was found to be firmly sol- 
dered to the base of the upper mandible, and therefore could not 
possibly be erectile. 

About the middle of December (nidsummer in the antarctic re- 
gion) the sheath-bills began to break up into pairs, and to show signs 
of breeding. I never was so fortunate as to find a completed nest, 
although I often observed the pairs frequenting the crevices of fallen 
rocks, as if preparing to build. By the sealers, of whom several 
visited the island during our stay, I was informed that they build in 
the localities that I had attributed to them, constructing 2 nest of 
grass-stems, and laying three party-colored eggs ; moreover, that they 
are exceedingly dexterous in misleading the egg-hunter as to the 


1“ Animal Kingdom,” London, 1849, p. 250. ? Véde “‘ Genera of Birds,” Gray, loc. cit, 
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locality of their nests. The Rev. Mr. Eaton, naturalist to the English 
party, kindly gave me an egg which he had found on the day of our 
breaking up camp, January 10th, it being one of a nest of three, and 
evidently very fresh. It is a large egg, rather less than a hen’s, 
pointed like a Guinea-fowl’s, and marked by streaks and blotches of 
different shades of brown, which are said to vary much in hue in dit- 
ferent specimens. 

The sheath-bill is not only “an interesting bird” to know, on 
account of its trustful and familiar habits, but has een something of 
a puzzle to ornithologists from the time of its first description, by 
Forster, in 1788.1. Up to 1841 his species, C. albu (necrophagu, Vieil- 
lot) was the only one known, and has been quite variously classified. 
By G. R. Gray it was placed as a member of the fifth family (Chéont- 
did) of the order Galline, a place retained for it in the British 
Museum Catalogue. Bonaparte associated it with gulls and petrels, 
as a member of his tribe Longipennes, order Gaviw ; and De Blain- 
ville,’ after a careful anatomical examination, decided that its nearest 
affinities were with the Oyster-catchers (Heematopus). This last deci- 
sion has been accepted as final by ornithologists in general. Mr. W. 
K. Parker® thus refers to another relationship: “There are certain 
eurious, thoroughly marine plovers (chionis), in which the sheathing 
of the upper jaw is very perfect ; they thus retain a struthions charac- 
ter, but have it in an exaggerated condition.” Were this a proper 
place for the discussion of osteological details, it would be easy to 
point out other characteristics that might show a very plausible aftin- 
ity of chionis to the ostrich / 

Not to go deeply into the troubled and doubtful sea of the various 
grounds of classification of birds, it will perhaps not be out of place to 
mention some of the principal groups of characteristics upon which we 
rely to determine the place in Nature of any particular bird. First, 
there are the external parts: Dill, eyes, plumage, fect, legs, ete., relied 
upon almost entirely by the older writers, and likely to hold their own, 
because of their convenience, for a long time yet. Then there is the 
digestive system, indicating also some of the affinities based upon 
habit. Third, and doubtless most to be relied upon, the structure of 
the skeleton, particularly of the skull (Huxley) and sternun, and the 
variations in muscular form and attachment. Last, but by no means, 
in my opinion, least, the habits and behavior of the bird during life. 

Considered as to externals only, we find Chionts minor with the 
general form of a pigeon, the beak of a crow, surmounted by a sheath 
declared to be a characteristic of the ostrich family, with stout, knob- 
by, short legs and feet, fonr-toed like a fowl’s, but bare for a little way 


1“ Enchiridion Hist. Nat. Ins.,” p. 87. 

2 “Sur la place que doit occuper dans le systéme ornitholozique le genre Chionis, ou 
Bec-en-fourreau,” De Blainville, Ann. Sc. Nat., 1886, vi., p. 93. 

3“ Osteology of Galliniccous Birds,” “Transactions of Zodlogical Society,” p. 206. 
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above the heel like a wading-bird. The “contour feathers” have a 
large downy “ after-shaft,” a characteristic of gallinaccous birds, and 
there is a thick, wattle-like caruncle on the forehead, a common feature 
of the swan fiunily. 

The intestinal canal presents first a large crop, a rather long pro- 
ventriculus or true stomach, well furnished with tubular follicles, a 
decidedly muscular gizzard or grinding-stomach, and two long append- 
ages, the emca, all features which are characteristic of gallinaceous 
birds. On the other hand we find the gastric follicles large and tubu- 
lar, wore like those of the swan than of any other that I know of, and 
quite unlike the lobulated follicles of the Gallinw. The tendinous 
parts of the gizzard, moreover, are at the sides, instead of before and 
behind as is the (almost ?) universal rule. 

It would probably be neither interesting nor profitable to recapit- 
ulate here the various resemblances to and differences from other 
families, presented by the bony framework of the chionis. The feat- 
ures of the skull are pretty evenly balanced between those charaeter- 
istic of the plovers and of the gulls, with a slight sprinkling of the 
ostrich. The breastbone, a part to which great importance is attached 
by ornithologists in the determination of affinities, is decidedly like 
that of the gnll family, between which and the plovers, considering 
only the skeleton, the genus must probably be placed, as De Blainyille 
has already decided. That is to say, on summing up the various oste- 
ological peculiarities which mark the skeleton of this very composite 
bird, the greatest number is found to lie on the gull side. 

Considered with regard to habits, however, the confusion grows 
worse again. It louks and flies like a pigeon, croaks like a crow, 
“ehats ” like a blackbird, or (in confinement) chirps like a fowl. It 
lives, to be sure, upon the seacoast, and feeds largely upon small marine 
animals and seaweed ; bat it dislikes wading, becomes perfectly help- 
less when accidentally in the water, and has no idea of swimming. 
Its diet is as various as that of fowls, and like them it swallows num- 
bers of pebbles to aid digestion. Its natural tendencies seem to be 
toward domestication, or at least companionship with man. Like the 
plants of Kerguelen, it finds its nearest relatives in Patagonia, although 
Africa is so much less distant. How shall we explain all these incon- 
gruities ? Perhaps it represents an older, more synthetic form, from 
which Gallinw, Waders, and Gulls, are descended, preserving its own 
identity by its isolated habitat. Perhaps, as the ostrich represents an 
ancestral type, its apparent struthious characters may indicate real 
relationship after all, handed down from that distant time when all 
birds were more nearly allied than now. Since there certainly once 
was a time when Kerguelen Island, perhaps then part of a continent, 
was habitable, when the tree trunks that are now lying buried in its 
northern hills were upright and flourishing forests, perhaps the men 
of those days had also a bird tamed, like the domestic fow]; and per- 
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haps the chionis is descended therefrom, and its liking for man is an 
inherited tendency. 

Mr, Darwin exactly expressed the present attitude of this bird to 
science, as long ago as the voyage of the Beagle. He found a bird 
in Patagonia (Vhinochorus rumicivorus) which “nearly equally par- 
takes of the characters, different as they are, of the quail and snipe,” 
and in this connection proceeds to remark: ‘ A bird of another closely- 
allied genus, Chionts alba, is an inhabitant of the antarctic regions ; 
it feeds on seaweed and shells on the tidal rocks. . . . This small fam- 
ily of birds is one of those which from its varied relations to other 
families, although at present offering only difficulties to the systematic 
naturalist, ultimately may assist in revealing the grand scheme, com- 
mon to the present and past ages, on which organized beings have 
been created.” 


THE PROPOSED INLAND SEA IN ALGERIA. 
By JOHN D. CHAMPLIN, Jr. 


MONG the most revolutionary of the geographical schemes of 
the day are the projects of flooding portions of the African 
Sahara, and thus restoring to the sea what was once an integral part 
of it. In the Pliocene period, according to Sir Charles Lyell, the 
great desert was under water between latitudes 20° and 30° N., so 
that the southeastern part of the Mediterranean communicated with 
that portion of the Atlantic now bounded by the west coast of Africa. 
This is indicated not only by the presence of marine shells and other 
remains throughout the Sahara, but also by the radical difference 
between the fauna and flora north and south of it. What was for- 
merly separated by a barrier of water is now separated by a barrier 
of sand. 

There are two principal depressions in the Sahara, the basin called 
El-Juf, in the Sahel, north of the Middle Niger, which covers an area 
of about 126,000 square miles, and that of the shotts in the Algerian 
Sahara, 

Mr. Donald Mackenzie, a British engineer, who has investigated 
the former depression, affirms that a long valley extends from its 
northwest corner to the Atlantic coast opposite the Canary Islands, 
Tt is only necessary, he argues, to eut through the accumulated sands 
at its mouth, which is laid down on the maps as the river Belta, to let 
in the waters and flood the entire basin. This scheme, advocated by 
Mr. J. A. Skertehly, General Sir Arthur Cotton, and others, will prob- 
ably result in a thorough exploration of that part of the Sahara and 
its alleged outlet. The other project is in a more advanced state. 

The depression of the shotts lies at the foot of the Aures Mountains, 
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spurs of the main chain of the Atlas, partly in the provinee of Con- 
stantine in Algeria, and partly in Tunis, Its western extremity is in 
latitude 34° 30’ N., longitude 5° 65' E., and it extends thence east- 
ward two hundred and thirty-five miles to within about thirteen miles 
of the foot of the Gulf of Cabes, or Gabes, in the Mediterranean, an- 
ciently the Lesser Syrtis, from which it is now separated by an isth- 
mus of sand. The breadth of the depression is about thirty-seven 
miles, Within these limits lie several connected lake-beds, called by 
the Arabs shotts or sebhas, shott signifying properly the bottom of a 
lake left dry by evaporation, and seb’a a saline marsh. The largest 
of these are Shotts Melrir, or Melgig, whose eastern extremity is 
called Es-Selam, El-Rharsa, or Gharsa, and El-Jerid, or Fejej. About 
one-half is in French territory, the Tunisian boundary line entting the 
western bank of Shott El-Rharsa. 

This great depression is supposed to mark the site of the lake of 
Triton, or Tritonis, mentioned by Herodotus, Seylax, Pomponins 
Mela, Ptolemy, and other ancient writers, and around which were 
localized the Greek divinities Poseidon and Athena, and the Argo- 
nantic myth. Into it was driven the good ship Argo, when blown 
from her course around the Malean promontory by an adverse wind. 
Jason, lost among the shallows, propitiated the local divinity, Triton, 
son of Poseidon, by presenting him with the brazen tripod, whereupon 
the god, filled with prophetic heat, foretold that a hundred Grecian 
elties would spring up around Tritonis whenever a descendant of the 
Argo’s crew should seize and bear away the precious gift. Through 
the foresight of the subtle Libyans, who hid the tripod, the prophesy 
was unfulfilled, but many noble cities were afterward built north and 
east of Tritonis, and aloug the coast of Syrtis Minor, Indeed, so 
numerous were they, and so flourishing as trade-centres, that the 
country was named Emporia. All the ancient writers agree in prais- 
ing it for its wonderful riches and fertility. Says Seylax: “This 
region, whieh is ocenpied by Libyans, is most magnificent and fertile ; 
it abounds in fine eattle, and its inhabitants are most beautiful and 
wealthy.” It was within the dominion of Carthage, and here were 
the storchouses and granaries from which Rome’s great rival supplied 
her troops. 

But now all is changed. The drying up of the ancient sea has 
deprived the land of its moisture, and the once fertile plain between 
the mountains and the north bank of the shotts is, with the exception 
of a few oases, a sterile waste, Nothing remains to tell of former 
greatness but ruins, which are said to be seattered over the country 
tar up into the mountains. 

Herodotus, the most ancient writer by whom Tritonis is men- 
tioned, says that it was fed by the great river Triton; but modern 
research has failed to identify it, there being now but a few rivulets 
which enter it from the mountains on the north, or lose themselves in 
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the desert. If there ever was a great river flowing into it, its bed has 
been obliterated by the shifting sands. 

At a later date Tritonis appears as three connected lakes, called, 
respectively, Libyea, Pallas, and Tritonis, which some recognize in the 
Shotts Melrir, El-Rharsa, and El-Jerid. It is probable that the mouth 
became gradually bloeked up with sand, and the lake, no longer 
receiving sufficient water from the Mediterranean to supply the waste 
from evaporation, separated into several smaller seas, which, by con- 
tinued desiecation, became transformed at last into their present con- 
dition. When this took place can only be conjectured, but it was 
probably in the early centuries of the Christian era, The Arabs pre- 
serve the tradition that Shott Es-Selam was a lake at the time of the 
Mussulman eonquest. They also aver that the lake bed has not been 
covered with water during the past hundred years. 

Although it has long been known that this desert basin was lower 
than the Mediterranean, nothing was positively settled in regard to it 
until 1873, when Captain Rondaire, a staff officer of the French army 
in Algeria, ascertained the altitude of Biskra, and by a series of level- 
ings trom that point proved that the western extremity of Shott 
Melrir was twenty-seven metres, or nearly eighty-nine feet, below the 
level of the sea. The publication of his investigations and an exhaus- 
tive diseussion of the probabilities of success in reopening the ancient 
lake, in the Revue des Deux Mondes (May, 1874), aroused interest in 
the project in hope not only of reclaiming the country, but also of 
opening a commercial avenue to Southern Algeria. The French have 
long sought to deflect the caravan trade of Middle Africa, which is 
now mostly monopolized by Moroeeo and Tripoli, to Algiers, but in 
vain, the increase in prices to be obtained in Algiers not being suf- 
ficient to compensate for the increase in distance. But with an inland 
sea the cirenmstances would be changed. The country around it 
would resume its ancient character of a littoral province, and the 
caravan routes of the Sahara would converge toward a port estab- 
lished on its southern border, whence the gold dust, ivory, gums, and 
ostrich feathers of Soodan would be shipped directly to Europe to the 
detriment of the Mohammedan markets. Tougourt, too, the French 
military post in southern Algeria, now distant nearly two hundred 
and fifty miles from the port where its provisions are landed, would 
then be only about forty miles from the sea. 

Captain Rondaire diseusses also the probable climatic changes 
which would ensue from reopening the Bay of Triton. Ile argues 
that the northwest winds, which prevail in summer, would he less 
violent than now, and the southwest winds, whieh blow during the 
remainder of the season, would be charged with vapor and canse a 
greater fall of rain in Algeria, Sicily, and South Italy, without mate- 
rially modifying the climate. This increased rainfall would restore 
the land to its ancient fertility, and the region of the shotts would 
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again become the home of a thriving population and the granary of 
North Africa. 

To flood the shot¢s would require only the piercing of the isthmus 
between El-Jerid and the Gulf of Cabes. This is about thirteen miles 
wide; bat Captain Roudaire thinks that. the curve of altitude would 
reach zero at about eleven miles from the Mediterranean, which would 
materially reduce the amount of excavation. As the evaporation 
would be much greater than in the Mediterranean, a large and con- 
stant flow of water from the latter would be necessary to keep it at 
its proper level. This would require a canal at least one hundred 
yards wide, which could be constructed, it is calculated, at a cost of 
twenty million francs. To this amount would have to be added a 
sufficient sum to compensate for the destruction of property in the 
Tunisian part of the depression, which would ensue from its submer- 
sion. Besides the towns of Nefta and Tozer, there are many douars, 
or villages, in the oases, surrounded by cultivated lands and date plan- 
tations, These are generally in the lowest part of the depression, for 
there only can potable water be found, the higher land being without 
springs. 

The superior council of Algeria, comprehending the immense ad- 
vantages which would accrue to the colony from the consummation 
of this scheme, voted in 1873 a sum sufficient to continue the survey, 
and a well-appointed expedition, under command of Captain Roudaire, 
made a thorough examination of the bed of the Algerian portion of 
the shotts in the following year. The French Geographical Society, 
taking a national as well as a scientific interest in the question, also 
contributed money in furtherance of the object, and deputed M. Du- - 
verrier, one of its members, to accompany the party. The expedition 
entered the depression on the northwest side of Shott Melrir. The 
soil there is sand and marl, charged with salt. The many streams 
which traverse the country have, with a few exceptions, no running 
water, excepting in winter and spring, the season of rains and of the 
melting of snow in the mountains. These rivers usually divide, before 
reaching the shotts, into several branches, which again subdivide and 
form innumerable ramifications, Where these begin to disappear, the 
soil, which is charged with salt and almost bare, swells and cracks, 
and the water sinks, when the crust reforms, Farther east are naked 
plains of marl, level and smooth, and covered with a white incrusta- 
tion which produces frequent mirages. On the extreme west the river 
beds enter Shott Melrir with separating. On the south side are sand 
hills and moving sands. 

All the shotts are alike in general features. All have flat bottoms 
with an inclination too slight to be perceptible to the eye, and all form 
basins which receive water-courses. The soil of all contains a great 
quantity of salt, which whitens their bed in dry places. But each has 
its peculiarities. The west end of Melrir has a bottom of sandy earth, 
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strewed along the borders with small round and polished quartz peb- 
bles. Near the banks is a meagre salsuginous vegetation. In the 
interior its bed is clay, filled with crevices, but moist; farther on the 
crevices close and the saturated marl and clay form quagmires in 
which horse and rider might be swallowed up. 

The eastern end of Shott Melrir, which is called Shott Es-Selam, 
presents other general characteristics. Near the banks the bed is 
sandy, but toward the middle it forms a hard crust of salt and sand. 
Elsewhere the soil is a hard surface of clay, which shines in the sun. 
Mirage is very frequent in this sott. 

Between the Shotts Es-Selam and El-Rharsa the expedition first 
began to encounter obstacles which may seriously interfere with the 
projected inland sea, In the intervening country are numerous smaller 
shotts, of which that called Mouia-el-Tadjer is the largest. This shott 
has a long extension stretching southward, called El-Hadjila, connected 
with which on the east is Shott Mouia-el-Tofla, Measurements in the 
highest part of the bed of the latter showed it to be more than eleven 
feet above the level of the sea. A low ridge separates it from Shott 
El-Asloudg, the western border of which is only between six and 
seven feet below the sea, and the eastern about twelve feet. Between 
this and Shott Bou Dhouil, which is little more than eight feet above 
the sea, is an extended ridge of sand. Bou Dhouil is but a short dis- 
tance from the Tunisian frontier and the great Shott El-Rharsa, At 
this point the expedition ceased its labors and returned to Biskra, 
convinced that a secondary canal comecting El-Rharsa and Melrir, 
or some of the shotts belonging to its system, would be necessary 
before the proposed inland sea could be extended far enough west to 
benefit Algeria, This would entail a considerable additional expense, 
but whether large enough to seriously affect the realization of the 
scheme cannot be known until the publication of the official reports. 

This expedition made no investigation of the Tunisian portion of 
the depression, being evidently under the impression that no insur- 
mountable obstacle existed in that part. Whether this belief was 
founded on the accounts of the ancient geographers or on an actual 
knowledge of the country is not apparent, but it is said that levels 
were taken from Shott ElJerid to the Mediterranean several years 
ago by Captain Pricot de Sainte Marie, of the staff of the French army 
in Algeria. His report, which is deposited in the archives of the Min- 
istry of War in Paris, must have been favorable, else the survey of the 
Algerian shotts would scarcely have been undertaken. 

It is reported, however, on the contrary, that a survey was made 
of the same isthmus in 1874 by M. Fuehs, a French geologist em- 
ployed by the government of Tunis to investigate the mineral resources 
of the country, who discovered that physical obstacles exist of’ a nature 
to render a canal impossible; that a range of sandstone hills lies be- 
tween El-Jerid and the sea, and that the bed of El-Jerid itself is con- 
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siderably above the sea. If this be true, not only is the proposed 
inland sea an impossibility, but we must also relegate to the domain 
of fable the accounts of the great lake of Tritonis, or assign it to 
another locality. 


ANIMAL PARASITES AND MESSMATES. 


ies fight for a foothold in the animal world brings the combatants 
into many strange relations, few of which are more curious and 
interesting than those existing between the creatnres popularly known 
as parasites and the animals which furnish them support. In these 
relations all grades of pauperism and criminality are represented. 
There is the miserable wretch that lives entirely at the expense of 
others, finding it easier to die than to help himself; the poor weak- 
ling, willing enough to do what he can, but sure to starve to death 
if left wholly unassisted; the petty thief that sneaks into his neigh- 
bor’s premises and steals a portion of his store; and the audacious 
robber that boldly appropriates another’s substance, and not unfre- 
quently adds murder to his list of crimes. In his entertaining and 
instructive work on “Animal Parasites and Messmates,”’ from which 
this article and its illustrations are mainly taken, Van Beneden makes 
these different degrees of dependence the basis of a rough but con- 
venient classification, by which he separates, what have hitherto been 
known as parasites, into three groups, named respectively mecssmctes, 
amutuclists, and parasites. 

The messmate is one that takes his place at his neighbor’s table 
to partake with him of the product of the day’s toil. He does not 
live directly at the expense of his host, but, abiding with him, obtains 
thereby better opportunities for securing a supply of food. This mode 
of getting a living is very common, and a curions thing about it is 
that animals comparatively high in the seale of organization do not 
seruple to quarter themselves npon others of much inferior grade, The 
fish known to naturalists as fireasfer lives in this relation. Ile takes 
up his lodgings in the digestive tube of a holothurian, and, regardless 
of the rnles of hospitality, appropriates a portion of all the food that 
enters. Ile thus manages to get himself served by another better 
provided than he is with the means of fishing. Dr. Greef found at 
Madeira a holothurian over a foot long, in which one of these fishes 
was enjoying a peaceful and vigorous existence. Other fishes besides 
the fireasfer have been found in similar quarters; indeed, the situation 
appears a very favorable one for this mode of life, since not only 
fishes but crustaceans here take up their abode, sometimes in con- 
siderable numbers. Prof. Semper has seen holothurie in the Philip- 
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pine Islands which bore considerable resemblance in this respeet toa 
hotel with its ¢ble-@héte. 

A somewhat more excusable piece of pauperism is found in the 
ease of an ecl, which enseonces itself in the branchial sac of that 
eurious fish known as the angler, or fishing-frog (Fig. 1), where he 
afterward plays the part of a messmate. Although the eels generally 


Fig. 1.—TuHe ANGLER-F Ist. 


get their living casily, the angler possesses fishing-implements which 
are wanting in them, and, when immersed in the ooze, it earries on 
a fishery sufficiently abundant for both. This relationship was first 
observed by Risso in the Mediterranean ; the same fish in more north- 
crn seas has since been found to harbor, in like manner, an amphipod 
crustacean, 

Another remarkable example of this kind of association among 
fish was made known by Reinhardt, of Copenhagen. A siluroid fish 
occurring in Brazil, and possessed of numerous barbules that make 
it successful as a fisherman, lodges in the cavity of its mouth some 
very small fishes, that for a long time were supposed to be young 
siluroids ; it was believed that the mother brought her progeny to 
maturity in the mouth, as marsupials do in the abdominal pouch, or 
as some other fishes do. But this is a mistake. The supposed young 
are perfectly developed adult fish, that, instead of living by their own 
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labor, prefer to install themselves in the mouth of a neighbor, and take 
tithes of the morsels which he swallows. 

The little crab that makes its abode within the shell of the edible 
oyster (ig. 2) is a true messmate, and the oyster is but one of many 
bivalve mollusks that give shelter and partial support to these di- 
ninutive crustaceans, These crabs, called by naturalists Pinnothers, 
though in one sense dependents, are at the same time of great service 
to the animals within whose shells they receive protection. Van 
Beneden says of them: “The pinnothere is a brigand who causes 
himself to be followed by the cavern which he inhabits, and which 
opens only at a well-known watchword. The association redounds to 


Fig. 2.—OysTEr CRAB. 


the advantage of both; the remains of food whieh the pinnothere 
abandons are seized upon by the mollusk. It is the rich man who in- 
stalls himself in the dwelling of the poor, and enables him to participate 
in all the advantages of his position. The pinnotheres are, in our opin- 
ion, true messmates. They take their food in the same waters as their 
fellow-lodgers, and the crumbs of the rapacious crabs are doubtless 
not lost in the mouth of the peaceful mussel. . . . Little as they are, 
these crabs are well furnished with tackle and advantageously plaeed 
to carry on their fishery in every season; concealed in the bottom of 
their living dwelling-place, they choose admirably the moment to 
rush out to the attack, and always fall on their enemy unawares. 
Some pinnotheres live in all seas, and inhabit a great number of bi- 
valve mollusks.” 

In the examples thus far cited, and in many more that have been 
observed, the dependent forms are free to depart whenever they 
choose, and are therefore called free messmates, Though for a time 
giving up their liberty, they sooner or later resume it, in possession of 
all their organs for fishing and locomotion, and in all respects fitted 
to live an independent life. There are others, however, that enter 
into the same sort of association, and make the relation a permanent 
one: these are known as fired messmates, They are free in their 
youth, but, as maturity approaches, and the cares of a family are 
thought of, a host is selected in which they establish themselves, and, 
throwing aside their fishing and locomotive apparatus, they renounce 
the world, and even part with the most precious organs of animal life, 
not excepting those of the senses. 


1From Morse’s “ First Book of Zoélogy.” 
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The most interesting fixed messmates are those cirripeds or bar- 
nacles which, under the names of Coronida and Tubicinellu (Figs, 3 
and 4), cover the skins of whales. They are, like all the rest, free while 
young, but later they take shelter on the back or on the head of one of 
these huge cetaceans, and, having once chosen their abode, are after- 


ward permanent tenants, Each whale lodges a particular species, and 


Fie. 3.—CoRONET BARNACLE ( Coronula diadema). 


the manatee, marine turtles, and varions sea-snakes, have also their 
different sorts. Others establish themselves on their own immediate 
relations and on other ernstaceans. A pretty genus formd near Cape 
Verd, living on the carapace of a large lobster, spreads itself over the 


Fie. 4.—BuRROWING BARNACLE (Tubicinella trachealis). 


centre of the lobster’s back, and looks not unlike a bouquet of flowers. 
Fig. 5 shows a fixed messmate attached to a sertularian. 

Mutnalists, as the name suggests, are animals which live on each 
other; and, though usually confounded with messmates and parasites, 
they differ from both in making some sort of return for benefits ob- 
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tained. Many insects shelter themselves in the fur of the mammalia 
or in the down of birds, and remove from the hair or the feathers the 
pellicle and epidermal débris which encumber them. At the same 
time they minister to the outward appearance of their host, and are 
of great use to him in a hygienic point of view. Animals living in 
the water are similarly served by minute crustaceans. These some- 
times establish themselves on fishes, and, if there are no seales of the 
epidermis which annoy them, there are mucosities which are inces- 
santly renewed in order to protect the skin from the continual action 
of the water. Among the insects found on the skins of nammals and 
birds that yield some return for the hospitality they receive, those 
belonging to the family /?tctntw, and commonly known as ticks, are 
very numerous, Among the many generic divisions, one of the most 
interesting has received the name of Trichodectes,; it contains twenty 
species, one of which lives on the dog, another on the cat, another on 
the ox; in a word, there is a distinct species on each of the domestic 
mammals. The species infesting the dog has lately attracted especial 
attention, from the circumstance that it lodges the larva of the Zenia 
cucumerina, a tapeworm common to dogs. The cock, the turkey, and 
the peacock, carry each a distinct species of Lieiniv, and oftentimes 
several species are found on a single bird. Fig. 6 represents a form 
which infests the pygarg or sea-eagle. 


Fie. 5.—OPHIODENDRUM ABIETINUM ON Fig, 6.—Ricinus of THE PYGARG. 
Sertularia abictina. 


Fishes harbor crustaceans instead of insects, frequently in enor- 
mousnumbers. They live on the produce of cutaneous secretions, and 
thus, like the ticks, are of service to their hosts. The Caligi and 
Arguli, known usually as fish-lice, are among the most common of 
these, and both are elegant forms, that change but little in appear- 
ance in the course of their lives, and, although permanent tenants when 
once established, they retain their fishing-tackle and locomotive ap- 
paratus, The greater number of osseous fishes lodge Cadigi on the 
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surface of their skin, where the tiny creatures fix themselves by means 
of strong cables, Fig, 7 represents a species that lodges on the cod, 
and if in its turn affords a resting-place for another form—the Udo- 
nelle, 

A curious creature, with an equally curious 
function, that entitles it to a place among mu- 
tualists, was discovered some years ago among 
the eggs of the lobster, by Van Beneden, who 
thus describes it: “It is known that lobsters, as 
well as crabs, and the greater part of the crus- 
tacea, carry their eggs under the abdomen, and 
that these eggs remain suspended there until 
the embryos are hatched. In the midst of them 
lives an animal of extreme agility, which is, per- 
haps, the most extraordinary being that has been 
subjected to the eyes of the zodlogist. It may 
be said, without exaggeration, that it is a biped, 
or even quadruped, worm. Let us imagine a 
clown from the circus, with his limbs as far dis- 
located as possible, we might even say entirely 
deprived of bones, displaying tricks of strength 
and activity, on a heap of monster cannon-balls 
which he struggles to surmount; placing one 
foot, formed like an air-bladder, on one ball, the 
other foot on another, alternately balancing and 
extending his body, folding his limbs on each 
other, or bending his body upward like a eater- 
pillar of the Geometride, and we shall then have 
but an imperfect idea of all the attitudes which 
it assumes, and which it varies incessantly. It 
is neither a parasite nor a messmate; it does not 
live at the expense of the lobster, but on one of 
the productions of these crustaceans, much in 
the same manner as do the Caligi and the 
Arguli. The lobster gives him a berth, 
and the passenger feeds himself at the 
expense of the cargo; that is to say, he 
eats the eggs aud the embryos which die, 
and the decomposition of which might 
be fatal to his host and his progeny, OF 7».Nat = Aloe Puneene: 
These [istriobdelle have the same duty bk 
to perform as vultures and jackals, which clear the plains of carcasses. 
That which causes us to suppose that such is their appropriate office 
is, that they have an apparatus for the purpose of sucking eggs, and 
that we have not found in their digestive canal any remains which 
resemble any true organism.” 
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True parasites are beings entirely dependent on their neighbors 
for support; unable to provide for themselves, they are fed wholly at 
the expense of others. Jt is generally believed that they are an ex- 
ceptional class of organisms, constituting a group by themselves, and 
knowing nothing of the world ontside the organ which shelters them. 
This is an error. Representatives of all the principal divisions of the 
animal kingdom below the vertebrate are found pursuing this mode 
of life. There are few parasites that are not wanderers at some period 
of their lives; and it is not uncommon to find some which live alter- 
nately as noblemen and as beggars. Many are paupers only during 
infancy, or at the approach of adult age, living at other times a eom- 
paratively free and independent life. Nor are all the members of a 
species necessarily parasitic; sometimes it is only the female that 
takes the relation of a dependent, the male continuing his nomad life. 
Again, there are cases where, the female being provided for, the male 
relies on her for support, and thus the charitable animal which comes 
to her help is laid under contribution by the whole family. 

Parasites present an extraordinary variety of forms, and differ 
very widely in size and appearance, these differences being often re- 
markable between the sexes of the same species. The male of the 
urubu of Brazil has the usual form of a round long worm, while the 
female resembles more than any thing else a ball of cotton, not hav- 
ing the slightest analogy with the other worms of the order. As to 
the cnormous proportions parasites may attain, Boerhaave mentions a 
bothriocephalus 300 ells’? in length; and, at the Academy of Copen- 
hagen, it was reported that a solitary tapeworm (Zinta solium) had 
been found 800 ells long. Parasites are found in every region of the 
globe, but, like other animals, they observe the laws of geographical 
distribution. Some, like the leeehes, take their food, and then detach 
themselves until the demand for food returns, never becoming identi- 
fied for any length of time with their host. Others, like the lernsans, 
eommence their parasitic existence when approaching maturity, and 
thereafter are permanent dependents; others, again, like the ichneu- 
mons, begin life as parasites, and on reaching maturity assume and 
maintain an independent existence; while still others, like the tenia, 
are parasitic from first to last, although changing their abode at a 
eertain stage of development. 

All animals, man inclnded, have their parasites, which usually come 
from without, those entering the body being generally introduced 
with the food or drink. No organ is exempt from their incursions, 
as they have been found in the brain, the ear, the eye, the heart, the 
blood, the lungs, the spinal cord, the nerves, the museles, and even 
the bones. Cysticerci have been seen in nearly all these situations, 
and worms of various kinds are eommon in the eavities of the body, 
as well as in many of the solid organs, such as the muscles, liver, and 


' The Flemish ell is probably meant: this is 27 inches long. 


ANIMAL PARASITES AND MESSMATES. 677 


kidneys. As a rule, those which inhabit a temporary host install 
themselves in a closed organ; in the muscles, the heart, or the lobes 
of the brain; those, on the contrary, which have arrived at their des- 
tination, and which, unlike the preceding, have a family, ocenpy the 
stomach, with its dependencies the digestive passages, the lungs, the 
nasal fosse, the kidneys, in a word, all the organs which are in direet 
communication with the exterior, in order to leave a place of issue for 
their progeny. 

A single animal may earry, not only a great number of individuals 
of the same species, but many different species of parasites, and thts, 
too, without any apparent impairment of health. Indeed, in some conn- 
tries their presence is considered indispensable to the highest health, 
the Abyssinians, for example, deeming themselves below par unless 
they nourish one or many tapeworms. Nathusius speaks of a black 
stork which lodged 24 /°larie in its lungs, 16 Syngami tracheales in 
its tracheal artery, more than 100 Apéroptere within the membranes 
of the stomach, several hundred of the Zlolostomum excavatum in the 
smaller intestines, 100 of the Distome jserox in the large intestines, 
22 of the Distomeu hians in the esophagus, and a Distoma echinatuim 
in the small intestine. In spite of this affluence of lodgers, the bird 
did not appear to be the least inconvenienced. Irause, of Belgrade, 
mentions a colt, two years old, which contained more than 500 <ts- 
earides, 190 Oxyures, 214 Strongyli armati, several million Strongyli 
tetracanthi, 69 Tenia, 287 Filariv, and 6 Cysticerci. Well supplied 
as these animals appear to have been, when we consider the number 
of eggs a single worm may produce, the wonder is that parasites are 
not more numerous than they are: 60,000,000 eggs have been counted 
in a single nematode, and in a single tapeworm more than 1,000,000,000 
eggs have been found ! 

While nearly all animals, including parasites themselves, are made 
to contribute to the support of others, those to which man gives food 
and lodging are of greatest interest, and he is by no means scantily 
provided with this class of dependents. Four different ecstodes, or 
tapeworms, live in his intestines; three or four Distoma lodge in his 
liver, intestines, or blood; nine or ten hematodes, or round worms, in- 
habit his digestive passages or flesh; and eysticerci, echinococe7, and 
hydatids, are also among his guests. Ie provides a living for three 
or four kinds of lice, for a bug, fora flea, and two ascarides, without 
mentioning certain inferior organisms which lurk in the tartar of the 
teeth, or in the secretions of the mucous membrane of the mouth. 
Some of these are confined to him exclusively, others may also find a 
home on the lower mammalia; some make his body their home while 
passing through a single stage of development, beginning or finishing 
the process, as the case may be, in the body of another animal; and 
others, again, are but day-boarders, taking their meals at his expense, 
and finding lodgings elsewhere. 
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Leeches are true parasites, although asking only food and taking 
care of themselves in the intervals of their meals. They suck the 
blood of their victim, and, when gorged to the very lips, fall off and 
perhaps for many weeks have no further need of assistance. The 
vampires of South America obtain support in a similar way, and are 
just as truly parasitic, although otherwise leading an independent 
life. The best-known leeches are those which prey on man and other 
mammals; but some are found which attack animals of still lower 
grade, especially the fishes. The organization of the leech appears 
always to be proportioned to that of the host which it frequents, the 
lower the grade of the latter the simpler the strneture of the former. 
Those living on the mollusks are inferior to those found on fishes, and 
these again rank below the sorts that attack the mammalia. Fig. 
8 (1, 2, 8, 4) shows the different appearances assumed by the skin 
after a leech-bite; Fig. 9 represents the strueture of the jaws; and 
Fig. 10 is a longitudinal section of the body of the leech. The letters 


Fra. 10. 


Fra. 8.—Dirrerent Forms oF THE BiTE OF A LEECH. 

9.—1. SvcKER, OPEN; a. Jaws. 2. ONE OF THE JAWS MAGNIFIED. 
-10.—SEcTIon or A LEEcH: @, Anterior Sucker; 6, Posterior Sueker; ¢, Anus; 2, Stomach; 
@, Gesophagus; 2, Intestine; ss, Glands of the Skic. 
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ddd indicate the different cavities of the stomach that are suecessive- 
ly filled when the creature feeds. These animals vary greatly in size, 
appearance, and mode of life, Some are exceedingly minute, and of 
delicate struetnre, while others have been seen that were a foot and a 
half long. Most of them are highly voracious, taking sometimes the 
weight of their bodies in blood at a single meal, Generally they are 
aquatic, but a few species are met with in the brushwood and low torest 
growth of the tropies, where they attack both man and beast when 
opportunity offers, 


Fig. tt.—Gnat (Culex pipiens), LARVA AND NyMrit 


Gnats or mosquitoes are parasites that get their living in much the 
same way as the leeches, that is, they suck the blood of other animals, 
man being their most common vietim. They differ from the leeches, 
however, in the fact that only the females are greedy of blood, the 
males living on the juices of plants. The females pierce the skim by 
means of an auger with teeth at the end, and after sucking their fill 
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distill into the wound a lquid venom whiel) oceasions the irritation 
that follows the bite. Fig. 11 shows the form of the larva and nymph 
of this insect. The former will be recognized as the little “ wriggler” 
that may be seen in such numbers m stagnant waterin summer, For- 
tunately, these inseets are harmless until they acquire wings, and after 
that their life is a short one; but, unfortunately, they breed at an enor- 
mous rate, and thus maintain the supply, to the infinite annoyance of 
man and other tender-skinned animals. 

Another blood-sucking parasite of both man and beast, whose stay- 
ing tendencies are proverbial, is the louse. Fig. 12 represents the 
species that inhabits the head of inan, The mouth of this inseet con- 
sists of a sucker contained ina sheath, without articulations, It is 
armed at the point with retractile hooks, within which are four bristles 


Fie. 12.—Louse or THE Fre. 13.—Lousn or THE HEAD. Fig. 14.—LousE or THB HEAD, 
HEap. 2, 3, Sucker. Craw. 


that aid in breaking through the skin, They have climbing feet ter- 
minated hy pincers, with which they maintain their hold on the hairs. 
The sucker and elaw are illustrated in Figs. 13 and 14, The zits, or 
eggs, hatch in five or six days after they are laid, and in eighteen days 
more the creature is able to reproduce its kind. Leeuwenhoek caleu- 
lated that two females might become the grandmothers of 10,000 lice 
in eight weeks. 

A not less annoying parasite that lives on the blood of man and 
the higher animals is the flea. Both male and female get their living 
in this way, and even the larve are supplied from the same sources by 
the mother, who sucks for herself first, and then divides with her 
young ones. The ordinary flea (Pulew trritans, Fig. 15) is common 
in both Europe and North America. It may be ealled a fly without 
wings, and, together with othersof its kind, forms a distinct family 
under the name Pulicidw, The four prineipal species are Pudex irri- 
tans of man, Pulex canis of the dog, Pulex musculus of the mouse, 
and Pulex vespertilionis of the bat. Great numbers of human fleas, 
half as large as the common fly, are found in summer on the sandy 
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shores of the Mediterranean, in the neighborhood of Cette and Mont- 
pellier, Their presence in this locality is due solely to the ciremn- 
stance that large numbers of persons of both sexes aud all classes 
come to these places to bathe, and, laying their clothes upon the 
sand, leave there a part of their vermin. Van Beneden suggests the 
surgical employment of the flea as an hommopathie phlehotomist, and 
recommends this region as an excellent source of supply in case his 
suggestion is adopted. The largest fleas are found upon the bat; 
they sometimes annoy the horse, and there is a species peenliar to 


monkeys. 


Fie. 15.—HoUMAN FLEA (Pule.c irritans). 


The minute creatures known as Acari, or mites, are most of them 
parasitic, and they are very widely distributed. They are not true 
insects, but belong to the Arachnidu, having four pairs of legs like 
the spiders, with head and thorax closely united. The group ineludes 
those disgusting creatures the itch-mites, magnified representations 
of which are shown in Figs. 16 and 17. The mammalia have each 


Fie. 16.—Sarcopres ScABIEI, OR MALE Fig. 17.—SarRcopTeEs SCABIEI, FEMALE. THE 
ACARIUS OF THE ItcH. ‘THE LOWER UPprer SURFACE. 
SURFACE. 
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their particular species, which im many cases are the cause of peculiar 
skin-affections. Since the presence of these animals constitutes the 
disorder, it may be easily caught; man may communicate it to the 
domestic animals, and they may also give it to him; it is only the 
genus Sarcoptes, however, that may be thus transferred from animals 
to man. 

The true parasites just described, and many others-like them, are 
nourished by the blood of their neighbors, but they never establish 
themselves in the organs of their host, being free throughout their 
lives. There is another class that live in freedom while young, but 
when arrived at mature age, and the cares of a family are soon to be 
assumed, they change in appearance, choose a host, and settle down 
for life. The chigoe, a parasite of man in South America, is one of 
these. It is only the female, however, that demands both lodging and 
provisions, the male (Fig. 18) being contented with pillaging his vic- 
tim as he passes by. It is a small species, which pierces the shoes and 
clothes with its pointed beak (Fig. 19), and penetrates into the sub- 
stance of the skin, generally selecting that of the toes. ‘The male, as 


Fie. 18.—MAve Cuicor. Fig. 19.—Hreap oF CHIGOE. 


just remarked, takes his food and resumes his wanderings, but the 
female seeks a hiding-place for permanent abode, and then grows to 
such a monstrous size that the entire insect appears to be nothing 
more than a mere appendage to the abdomen, as may be seen in Fig. 
20. Besides man, this parasite infests the dog, the cat, the pig, the 
goat, the horse, and the mule. 

Another form coming within this category, and the terror of trav- 
elers on the coast of Guinea, is the Guinea-worm, Filaria medinensis 
(Fig. 21), also found in other parts of Africa, and said by Mitchell to 
have been observed in South Carolina. It was long supposed that 
this filaria could introduce itself into the cellular tissue of the body 
directly through the skin, in the form of a microscopic embryo, but 
several recent observers concur in the belief that it is transmitted by 
means of the cyclops, a little fresh-water crustacean, This is swal- 
lowed in drinking-water, and at the end of six weeks the presence 
of the filaria is revealed by tumors, which later develop into open 
sores, caused not by the worm itself, but by the dissemination of its 
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eggs. ‘The filaria at last is so entirely atrophied that Prof. Jacobson, 
after seeing it alive on one of his patients at Copenhagen, wrote to 
Blainville: “This inedina worm is not really a worm; it is a sheath 
full of eggs.” In faet, all the internal organs disappear, and nothing 
is found in their place exeept the eggs and their embryos. 


MTT 


Fie. 20.—FEMALE CHIGOE. Fig, 21.—Youna Fivaria or MEDINA. 
1, Anterior Extremity; ¢, Mouth. 2. Caudal 
Extremity; d. Anus. 3. Section of the 
Body. 


The ichneumons and many other insects that lay their eggs in the 
living larve of other species, belong to a class of parasites that be- 
gin life as dependents, but that become free and self-supporting on 
arrival at adult age. The @strus, or gadfly of the horse (Fig. 22), is 


Hinver Parr. Fig. 22.—CsTRUS OF THE HORSE. ANTERIOR Pant. 


thus dependent in its early life. But, instead of making their attacks 
on those of their own class, the gadflies prefer to install themselves 
on mammals, and sometimes even on man. The eggs are received 
into some cavity of the body, nostrils, stomach, or a hole in the skin, 
where they hatch and where the larve feed until the adult state is 
reached, when they escape and afterward live in freedom. 

There is a large class of parasites generally known as worms, char- 
acterized by the circumstance that during their lives they undergo 
certain strange transformations that can only take place by the pas- 
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sage of the creature from one animal or host to another. The eggs 
are swallowed by some animal, usually a vegetable feeder, they hateh 
within its body, enter its tissues, and remain in a state of incomplete 
development until transferred to the stomach of another animal which 
has eaten the flesh of the first one. Here development recommences, 
and goes on to completion, when the process of reproduction begins. 
Each species of worm has its particular animals, throngh the agency 
of whieh these changes occur, and, if in 
its passage it gcts off the proper track, 
that is, enters the wrong animal, it mnst 
either perish, or, as sometimes happens, 
find its way by a second transfer into 
the body of its destined host. The tape- 
worm of man, Tenia solium (Figs, 23 and 
24), is amember of this group, belonging 
to the Cestoidea, or ribbon-like worms, 
These cestoids are found in all classes of 
vertebrate animals. They exist in two 
principal forms, The first or vesicular 
form resembles somewhat in appearance 
the finger of a glove partly drawn in- 
ward, In this shape they are always 
lodged in the midst of the flesh, or ina 
closed organ, surrounded by a cyst, and 
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Fig. 23.—T.2£n1a SoLiuM, oO SOLITARY Fig. 24.—a, Rostellum; 8, Crown of Hooks; ¢ ¢, 
Worm. Suckers, 4. Scolex of the Tenia solium. 2% 
a, head, or scolex ; b, tape formed of many ltooks expanded ; a, Mee) of the 1fook. 


individuals, the last of which, com- 
pletely sexual, separate under the 
name of Proglottides, and represent 
the adult andcomplete animal. Each 
solitary worm is a colony. 


thus cireumstanced the worm is harbored by a host which is to serve 
as a yehicle to introduce it into its final host. It is a parasite on 4 
journey, and usnally bears the name of Oysticercus (Fig. 25). In the 
second shape it is like a ribbon, it attains a great length, always ocen- 
pies the intestine, and is mainly occupied in producing eggs, which it 
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turns out by the million. <A description of Zunia sol/iumn, the most 
common tapeworm of man, will enable us to understand all the others. 
Under its first, or vesicular form, this parasite comes from the flesh 
of the pig, where it is often found in large numbers, when the pig is 
said to be “measly.” This condition of the pig has been attributed 
to damp, to feeding on acorns, to hereditary causes, to contagion, and 
varions other influences, but none of these notions are correct. The 


Fig. 25.—CYsTICERCUS. 
a, Upper Part of the Vesicle; 2, Place where the Vesicle is about to separate: c, Neck of the 
Worm; d@, The Head, showing the Suckers and the Crown of Ilooks. 


only true cause is the introduction of the eggs of Zienta solian into 
the intestines of the pigt These eggs, or fragments of tania contain- 
ing them, are swallowed by the animal. In the gastric juice of its 
stomach the eggs are set at liberty, lose their shells, aud there issues 
an embryo singularly armed. It carries in front two stylets, in the 
axis of the body, and on the right and left sides two other stylets, 
which act like fins. These embryos bore into the tissues as the mole 
burrows in the soil. The middle stylets are pushed forward like the 
snout of the insectivore, and the two lateral stylets act like the limbs, 
taking hold of the tissnes and forcing the head forward. In this man- 
ner the embryos perforate the walls of the digestive tube, and find 
their way, by means of the blood or otherwise, to the organ or tissue 
which is to become their temporary home. When arrived at this 
point they surround themselves with a sheath; their stylets, no longer 
of use, decay; and at one of the extremities appears a crown of new 
hooks, quite different from the former ones, which will serve to anchor 
their progeny in the new host to which they are ultimately destined, 
This vesicular worm, or eysticerens, fully formed, and without under- 
going any change, waits till its host, the pig, or that part of him which 
it inhabits, is eaten, and, if its life has not been destroyed on its way 
through the frying-pan, it wakes up in some human stomach. Once 
there, it instantly quits its torpid state, gets rid of its useless cnyel- 
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opes, passes into the intestine, and, by means of its hooks and suckers, 
attaches itself to the intestinal walls, when it begins to grow with 
great rapidity, a length of many fect being attained in a few weeks. 
The part attached is the mother or head of the tenia, and until this 
is dislodged the worm goes on producing segments, or more properly 
proglottides, each of which is a perfect sexual being loaded with eggs. 
These are successively detached and escape with the evacuations, to 
be swallowed, perhaps, by some other pig, in whose flesh a new crop of 
eysticerei will soon develop. An egg of the Zenia solium may be 
swallowed by a man instead of passing into the stomach of a pig. It 
is hatched in his stomach precisely in the same manner, and the em- 
bryo takes up its lodging in some inclosed cavity. Some have been 
found in the eyeball, in the lobes of the brain, in the heart, and in the 
muscles. Whatever symptoms its presence may give rise to, it obvi- 
ously has no chance for further progress, having selected the wrong 
vehicle to travel in. Man harbors not only the Tania solium, but an- 
other species very similar which naturalists have only learned to dis- 
tinguish from it during the last few years, the Zinta imedio-canellata, 
Its eysticercus is found in beef, and is introdueed when the meat is 
eaten in a raw or partially-cooked state. Tania nana and Tenia lata 
are the names of other tapeworms inhabiting man, but both are lim- 
ited in geographical distribution. The former is found only in Egypt, 
and the latter is confined to Russia, Poland, and Switzerland. 

All these internal parasites, including the 7richina spiralis, which 
we have not space to speak of further, are introduced into the body 
either with the food or the drink, and a simple and effectual means of 
avoiding them is, to thoroughly cook the food and carefully purify the 
water. 


PROFESSOR TYNDALD’S RECENT RESEARCHES.’ 


OBSERVATIONS ON THE OPTICAL DEPORTMENT OF THE ATMOSPHERE IN REF- 
ERENCE TO THE PHENOMENA OF PUTREFACTION AND INFECTION. 


ROFESSOR TYNDALL hegan his paper by alluding to a for- 

mer inquiry on the decomposition of vapors, and the formation 
of actinic clouds, by light, whereby he was led to experiments on 
the floating matter of the air. He referred to the experiments of 
Schwann, Schroeder and Dusch, Schroeder himself, to those of the 
illustrious French chemist Pasteur, to the reasoning of Lister and its 
experimental demonstration, regarding the filtering power of the 
lungs; from all of which he had coneluded, six years ago, that the 
power of developing life by the air and its power of scattering light 


1 Abstract of a paper read before the Royal Society, January 18, 1876. From the 
British Medical Journal. 
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would be found to go hand im hand. He thought the simple expedient 
of examining by means of a beam of light, while the eye was kept 
sensitive by darkness, the character of the medium in which their ex- 
periments were conducted could not fail to be useful to workers in 
this field. But the method has not been much turned to account, and 
this year he thought it worth while to devote some time to the more 
complete demonstration of its utility. 

He also wished to free his mind, and if possible the minds of 
others, from the uncertainty and confusion which now beset the doc- 
trine of “spontaneous generation.” Pasteur has pronounced it “a 
chimera,” and expressed the undoubting conviction that this being so 
it is possible to remove parasitic diseases from the earth. To the 
medical profession, therefore, and through them to humanity at large, 
this question is one of the last importanee. But the state of medical 
opinion regarding it is not satisfactory. In a recent number of the 
British Medical Journal, and in answer to the question, “ In what 
way is contagium gencrated and communicated ?” Messrs. Braidwood 
and Vacher reply that, notwithstanding “an almost incaleulable 
amount of patient labor, the actual results obtained, especially as 
regards the manner of generation of contagium, have been most dis- 
appointing. Observers are even yet at variance whether these mi- 
nute particles, whose discovery we have just noticed, and other dis- 
ease-germs, are always produced from like bodies previonsly existing, 
or whether they do not, under certain favorable conditions, spring 
into existence de novo.” 

With a view to the possible diminution of the uncertainty thus de- 
scribed, he submitted without further preface to the Royal Society, and 
especially to those who study the etiology of disease, a description of 
the mode of procedure followed in this inquiry, and of the results to 
which it has led. 

A number of chambers, or cases, were construeted each with a 
glass front, its top, bottom, back, and sides being of wood, At the 
back is a little door, which opens and closes on hinges, while into the 
sides are inserted two panes of glass, facing each other. The top is 
perforated in the middle by a hole two inches in diameter, closed air- 
tight by a sheet of India-rubber. This sheet is pierced in the middle 
by a pin, and through the pin-hole is passed the shank of a long 
pipette ending above in a small funnel. A cireular tin collar, two 
inches in diameter, and one ineh and a half high, surrounds the pi- 
pette, the space between both being packed with cotton-wool moist- 
ened by glycerine. Thus, the pipette, in moving up and down, is not 
only firmly clasped by the India-rubber, but it also passes throngh a 
stuffing-box of sticky cotton-wool, The width of the aperture closed 
by the India-rubber secures the free lateral play of the lower end of 
the pipette. Into two other smaller apertures in the top of the case 
are inserted, air-tight, the open ends of two narrow tubes, intended to 
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connect the interior space with the atimosphere, The tubes are bent 
several times up and down, so as to intereept and retatn the particles 
earried by such feeble currents as changes of temperature might cause 
to set in between the outer and the inner air. 

The bottom of the box is pierced sometimes with a single row, 
sometimes with two rows of holes, in which are fixed, air-tight, large 
test-tubes, intended to contain the liquid to be exposed to the action 
of the moteless am. 

On the 10th of September the first case of this description was 
closed. The passage of a concentrated beam across it through its two 
side-windows then showed the air within it to be laden with floating 
matter, On the 18th it was again examined. Before the beam en- 
tered, and after it quitted the case, its track was vivid in the air, but 
within the case it vanished. Three days of quiet sufficed to cause all 
the floating matter to be deposited on the sides and bottom, where it 
was retained by a coating of glycerine, with which the interior sur- 
face of the ease had been purposely varnished. The test-tubes were 
then filled throngh the pipette, boiled for five minutes in a bath of 
brine or oil, and abandoned to the action of the motcless air, 

During ebullition, aqueous vapor rose from the liquid into the 
chamber, where it was for the most part condensed, the nneondensed 
portion escaping, at a low temperature, through the bent tubes at the 
top. Before the brine was removed, little stoppers of cotton-wool 
were inserted in the bent tubes, lest the entrance of the air into the 
cooling ehamber should at first be forcible enough to carry motes 
along with it. As soon, however, as the ambient temperature was 
assumed by the air within the case, the cotton-wool stoppers were 
removed, 

We have here the oxygen, nitrogen, carbonic acid, ammonia, aque- 
ous vapor, and all the other gaseous matters which mingle more or 
less with the air of a great city. We have them, moreover, ‘ nntor- 
tured ” by calcination, and unchanged even by filtration or manipula- 
tion of any kind. The question now before us is, can air thus retain- 
ing all its gaseous mixtures, but self-cleansed from mechanically sus- 
pended matter, produee putrefaction? To this question, both the 
animal and vegetable worlds return a decided negative. Among 
vegetables, experiments have been made with hay, turnips, tea, coffee, 
hops, repeated in various ways with both acid and alkaline infusions. 
Among animal substances are to be mentioned many experiments 
with urine; while beef, mutton, hare, rabbit, kidney, liver, fowl, 
pheasant, grouse, haddock, sole, salmon, cod, turbot, mullet, herring, 
whiting, eel, oyster, have been all subjected to experiment. 

The result is, that infusions of these substances exposed to the 
common air of the Royal Institution ]aboratory, maintained at a tem- 
perature of from 60° to 70° Fahr., all fell into putrefaction in the 
course of from two to four days. No matter where the infusions 
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were placed, they were infallibly smitten in the end. The number of 
the tubes containing the infusions was multiplied till it reached six 
hundred, but not one of them escaped infection, 

In no single instance, on the other hand, did the air which had 
been proved moteless by the searching beam show itself to possess 
the least power of producing baeterial life or the associated phenom- 
ena of putrefaction. The power of developing such life in atmos- 
pheric air and the power of seaticring light are thus proved to be in- 
dissolubly united. 

The sole condition necessary to cause these long dormant infusions 
to swarm with active life is the access of the floating matter of the 
air. After having remained for four months as pellueid as distilled 
water, the opening of the back-door of the protecting case and the 
consequent admission of the mote-laden air suffice in three days to 
render the infusion putrid and full of life. 

That such life arises from mechanically suspended particles is thus 
reduced to oeular demonstration. Let us inquire a little more elosely 
into the charaeter of the particles whieh produee the life. Pour eau 
de Cologne into water, a white precipitate renders the liquid milky. 
Or, imitating Briieke, dissolve clean gum-mastie in aleohol, and drop 
it into water, the mastic is precipitated and milkiness produced. If 
the solution be very strong, the mastic separates in curds; but, by 
gradually diluting the aleoholie solution, we finally reach a point 
where the inilkiness disappears, the liquid assuming by reflected light 
a bright cerulean hue, Jt is, in point of faet, the color of the sky, 
and is due to a similar cause—namely, the scattering of light by par- 
ticles, small in comparison to the size of the waves of light. 

When this liquid is examined by the highest microscopic power, 
it scems as uniform as distilled water. The mastic particles, though 
innumerable, entirely elude the microscope. At right angles to a 
luminous beam passing among the particles, they discharge perfcetly 
polarized light. The optieal deportment of the floating matter of the 
air proves it to be composed in part of’ particles of this excessively 
minute character. When the track of a parallel] beam in dusty air is 
looked at horizontally through a Niecol’s prism, in a direction perpen- 
dicular to the beam, the longer diagonal of the prism being vertical, 
a considerable portion of the light from the finer matter is extin- 
guished, The coarser motes, on the other hand, flash ont with greater 
force, beeause of the increased darkness of the space around them. 
It is among the finest ultra-microscopic particles, as the author shows, 
that matter potential as regards the development of bacterial life is 
to be sought. 

But, though they are beyond the reach of the microscope, the ex- 
istence of these particles, foreign to the atmosphere but floating in it, 
is as certain as if they could be felt between the fingers, or scen by 
the naked eye. Supposing them to angment in magnitude until they 
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come, not only within range of the microscope, but within range of 
the unaided senses. Let it be assumed that our knowledge of them 
under these circumstances remains as defective as it is now—that we 
do not know whether they are germs, particles of dead organie dust, 
or particles of mineral matter. Suppose a vessel (say a flower-pot) to 
be at hand filled with nutritious earth, with which we mix our un- 
known particles; and that in forty-eight hours subsequently buds 
and blades of well-defined cresses and grasses appear above the soil. 
Suppose the experiment, when repeated over and over again, to yield 
the same unvarying result. What would be our conclusion? Should 
we regard those living plants as the products of dead dust, of min- 
eral particles; or should we regard them as the offspring of living 
seeds 2? The reply is unavoidable. We should undoubtedly consider 
the experiment with the flower-pot as clearing up our preéxisting 
ignorance; we should regard the fact of their producing eresses and 
grasses as proof positive that the particles sown in the earth of the 
pot were the seeds of the plants which have grown from them, It 
would be simply monstrous to conelude that they had been “ sponta- 
neonsly generated.” 

This reasoning applies word for word to the development of bacte- 
ria from that floating matter which the electric beam reveals in the 
air, and in the absence of which no bacterial life has been generated, 
There seems no flaw in this reasoning; and it is so simple as to render 
it unlikely that the notion of bacterial life developed from dead dust 
ean ever gain currency among the members of a great scientific pro- 
fession, 

A novel mode of experiment has been here pursued, and it may be 
urged that the conditions laid down by other investigators in this field, 
which have led to different results, have not been strictly adhered to. 
To secure accuracy in relation to these differences, the latest words of 
a writer on this question, who has materially influenced medical thought 
both in this country and in America, are quoted. “ We know,” he 
says, “that boiled turnip or hay infusions exposed to ordinary air, ex- 
posed to filtered air, to ealeined air, or shut off altogether from contact 
with air, are more or less prone to swarm with bacteria and vibriones 
in the course of from two to six days.” Who the “we” are who pos- 
sess this knowledge is not stated. Prof. Tyndall is certainly not 
among the nnmber, though he has sought anxiously for knowledge 
of the kind. He thus tests the statements in succession. 

And, first, with regard to filtered air. A group of twelve large 
test-tnbes was passed air-tight through a slab of wood coated with 
cement, in which, while hot, a heated “ propagating glass,” resembling 
a large bell-jar, was imbedded, The air within the jar was pumped 
ont several times, air filtered through a plug of cotton-wool being 
permitted to supply its place. The test-tnbes contained infusions of 
lay, turnip, beef, and mutton, three of each, twelve in all. They are 
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as clear and cloudless at the present moment as they were upon the 
day of their introduction; while twelve similar tubes, prepared at the 
same time, in precisely the same way, and exposed to ordinary air, are 
clogged with mycelium, mould, and bacteria. 

With regard to calcined air, a similar propagating glass was 
caused to cover twelve other tubes filled with the same infusion, The 
“olass” was exhausted and carefully filled with air, which had passed 
through a red-hot platinum-tube, containing a roll of red-hot platinum- 
gauze. Tested by the searching beam, the calcined air was found quite 
free from floating matter. Not a speck has invaded the limpidity of 
the infusions exposed to it, while twelve similar tubes, placed outside, 
have fallen into rottenness. 

The experiments with calcined air took another form, Six years 
ago, it was found that, to render the laboratory air free from floating 
matter, it was only necessary to permit a platinum-wire heated to 
whiteness to act upon it for a sufficient time, Shades containing pear- 
juice, damson-juice, hay and turnip juice, and water of yeast, were 
freed from their floating matter in this way. The infusions were sub- 
sequently boiled, and permitted to remain in contact with the calcined 
air, They are quite clear to the present hour; while the same infu- 
sions, exposed to common air, became mouldy and rotten long ago. 

Tt has been affirmed by other workers on this question, that turnip 
and hay infusions, rendered slightly alkaline, are particularly prone to 
exhibit the phenomena of spontaneous generation. This was not found 
in the present investigation to be the case. Many such infusions have 
been prepared, and they have continued for months without sensible 
alteration, 

Finally, with regard to infusions wholly withdrawn from air, a 
group of test-tubes containing different infusions was boiled under a 
bell-jar filled with filtered air, and from which subsequently the air 
was removed as far as possible by a good air-pump. They are now as 
pellucid as they were at the time of their preparation more than two 
months ago, while a group of corresponding tubes exposed to the 
laboratory air has all fallen into rottenness. 

There is another form of experiment on which great weight has 
been laid; that of hermetically-sealed tubes. On the 6th of last April, 
a discussion on the “Germ-Theory of Disease ” was opened before the 
Pathological Society of London. The meeting was attended by many 
distinguished medical men, some of whom were profoundly influenced 
by the arguments, and none of whom disputed the facts brought for- 
ward against the theory on that occasion. The following important 
summary of these was given by Dr. Bastian: “With the view of 
settling these questions, therefore, we may carefully prepare an infn- 
sion from some animal tissne, be it muscle, kidney, or liver; we may 
place it in a flask whose neck is drawn out and narrowed in the blow- 
pipe-flame; we may boil the fluid, seal the vessel during ebullition, 
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and, keeping it in a warm place, may await the result, as I have often 
done. After a variable time, the previeusly-heated finid within the 
hermetically-sealed flask swarms more or less plentifully with bacteria 
and allied organisms.” 

Previously to reading this statement, the author had operated upon 
sixteen tubes of hay and turnip infusions, and upon twenty-one tubes 
of beef, mackerel, cel, oyster, oatmeal, malt, and potato, hermetically 
sealed while boiling, not by the blow-pipe, but by the far more handy 
spirit-lamp flame. In no case was any appearance whatever of bac- 
teria or allied organisms observed. The perusal of the disenssion just 
referred to caused the author to turn again to muscle, liver, and kid- 
ney, with the view of varying and multiplying the evidence. Fowl, 
pheasant, snipe, partridge, plover, wild-duck, beef, mutton, heart, 
tongue, lungs, brains, sweetbread, tripe, the crystalline lens, vitreous 
humor, herring, haddock, mullet, cod-fish, sole, were all embraced in 
the experiments. There was neither mistake nor ambiguity about the 
result. One hundred and thirty-nine of the flasks operated on were 
exhibited, and not one of this cloud of witnesses offered the least 
countenance to the assertion that the liquid within flasks boiled and 
hermetically sealed swarms subsequently more or less plentifully with 
bacteria and allied organisms. 

The evidence furnished by this mass of experiments that Dr. Bas- 
tian must have permitted errors either of preparation or observation 
to invade his work is, it is submitted, very strong. But to err is hu- 
man; and, in an inquiry so difficult and franght with such momentons 
issues, it is not error, but the persistence in error for dialectic ends by 
any of us, that is to be deprecated. The author shows by illustrations 
the risks of error run by himself. On October 21st, he opened the 
back-door of a case containing six test-tubes filled with an infusion of 
turnip, which had remained perfectly clear for three weeks, while 
three days sufficed to crowd six similar tubes exposed to mote-laden 
air with bacteria. With a small pipette, he took specimens from the 
pellucid tubes, and placed them under the microscope. One of them 
yielded a field of bacterial life monstrous in its copiousness. Fora 
long time he tried vainly to detect any sonrce of error, and was pre- 
pared to abandon the unvarying inference from all the other experi- 
ments, and to accept the result as a clear exception to what had pre-., 
viously appeared to be a general law. The cause of his perplexity 
was, however, finally traced to the tiniest speck of an infusion con- 
taining bacteria, which had clung, by capillary attraction, to the point 
of one of hig pipettes. 

Again, three tubes containing infusion of turnip, hay, and mutton, 
were boiled on November 2d under a bell-jar containing air so care- 
fully filtered that the most searching examination by a concentrated 
beam failed to reveal a particle of floating matter. At the present 
time, every one of these tubes is thick with mycelium, and covered 
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with mould, Tere, surely, we have a ease of spontaneous generation. 
Let us look to its history. 

After the air has been expelled from a boiling liquid, it is difficult 
to eontinue the ebullition without “bumping.” The liquid remains 
still for intervals, and then rises with sudden energy. It did so in the 
case now under consideration; and one of the tubes boiled over, the 
liquid overspreading the resinous surface in which the bell-jar was im- 
bedded. For three weeks the infusions had remained perfectly elear. 
At the end of this time, with a view of renewing the air of the belljar, 
it was exhausted, and refilled by fresh air which had passed throngh a 
plug of cotton-wool. As the air entered, attention was attracted by 
two small spots of penicillium resting on the liquid which had boiled 
over, It was at once remarked that the experiment was a dangerous 
one, as the entering air would probably detaeh some of the spores of 
the penicillinm, and diffuse them in the bell-jar. This was, therefore, 
filled very slowly, so as to render the disturbance a minimum, Next 
day, however, a tuft of myeelium was observed at the bottom of one 
of the three tubes; namely, that containing the hay-infusion. It has 
by this time grown so as to fill a large portion of the tube, For nearly 
a month longer, the two tubes containing the turnip and mutton infu- 
sions maintained their transpareney unimpaired. Late in December, 
the mutton-infusion, which was in dangerous proximity to the outer 
mould, showed a tuft upon its surface. The beef-infusion eontinued 
bright and clear for nearly a fortnight longer. The recent cold 
weather caused me to add athird gas-stove to the two which had 
previously warmed the room in which the experiments are conducted. 
The warmth of this stove played upon one side of the bell-jar, causing 
currents; and, on the day after the lighting of the stove, the beef-in- 
fusion gave birth to a tuft of mycelium. In this case, the small spots 
of penicillium might have readily escaped attention; and, had they 
done so, we should have had here three cases of “ spontaneous genera- 
tion” far more striking than many that have been adduced. 

In further illustration of the dangers incurred in this field of in- 
qniry, the excellent paper of Dr. Roberts on “ Biogenesis,” in the 
Philosophical Transactions for 1874, is referred to. Dr. Roberts fills 
the bulb of an ordinary pipette up to about two-thirds of its capacity 
with the infusion to be examined. In the neek of the pipette he 
places a plug of dry eotton-wool. He then hermetically seals the 
neck, and dips the bulb into boiling water or hot oil, where he permits 
it toremain the requisite time. Here we have no disturbance from 
ebullition, and no loss by evaporation. The bulb is removed from the 
hot water, and permitted to cool, The sealed end of the neck is then 
filed off, the cotton-wool alone interposing between the infusion and 
the atmosphere. 

The arrangement is beautiful, but it has one weak point. Cotton- 
wool free from germs is not to be found, and the plug employed by 
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Dr. Roberts infallibly contained them, In the gentle movement of 
the air to and fro as the temperature changed, or in any shoek, jar, or 
motion to which the pipette might be subjected, we have certainly a 
cause sufficient to detach a germ now and then from the eotton-wool, 
which would fall into the infusion and produce its effect. Probably, 
also, condensation occurred at times in the neck of the pipette; the 
water of condensation carrying back from the cotton-wool the seeds 
of life. The faet of fertilization being so rare as Dr. Roberts found 
it to be, is a proof of the care with which his experiments were con- 
ducted. But he did find cases of fertilization after prolonged expos- 
ure to the boiling temperature; and this caused him to come to the 
conclusion that, under certain rare conditions, spontaneous generation 
may occur, He also found that an alkalized hay-infusion was so difli- 
cult to sterilize that it was capable of withstanding the boiling tem- 
perature for hours without losing its power of generating life. The 
most careful experiments have been made with this infusion, Dr. 
Roberts is certainly correct in assigning to it superior nutritive 
power. But, in the present inquiry, five minutes’ boiling sufficed to 
completely sterilize the liquid. 

Summing up this portion of his inquiry, the author remarks that 
he will hardly be charged with any desire to limit the power and 
poteney of matter. But, holding the notions he does, it is all the 
more inennbent on him to affirm that, as far as inquiry has hitherto 
penetrated, life has never been proved to appear independently of 
antecedent life. 

Thongh the author had no reason to doubt the general diffusion 
of germs in the atmosphere, he thought it desirable to place the point 
beyond question. At Down, Mr. Darwin and Mr. Francis Darwin ; 
at High Elms, Sir John Lubbock; at Sherwood, near Tunbridge 
Wells, Mr. Siemens; at Pembroke Lodge, Richmond Park, Mr. Rollo 
Russell; at Heathfield Park, Miss Hamilton; at Greenwich Hospital, 
Mr. Hirst; at Kew, Dr. Hooker; and at the Crystal Palace, Mr. Price, 
kindly took eharge of infusions, every one of which became charged 
with organisms, But to obtain more definite insight regarding the 
diffusion of atmospheric germs, a square wooden tray was penetrated 
with a hundred holes, into each of which was dropped a short test- 
tube. On October 23d, thirty of these tubes were filled with an in- 
fusion of hay, thirty-five with an infusion of turnips, and thirty-five 
with an infusion of beef. The tubes, with their infusions, had been 
previously boiled, ten at a time, in an oil-bath. One hundred circles 
were marked on paper, so as to form a map of the tray, and every day 
the state of each tube was registered upon the corresponding cirele. 
In the following description, the term “cloudy” is used to denote the 
first stage of turbidity, distinct but not strong. The term “muddy ” 
is used to denote thick turbidity. 

One tube of the hundred was first singled out and rendered mud- 
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dy. It belonged to the beef-group, and it was a whole day in ad- 
vance of all the other tubes. The progress of putrefaction was first 
registered on the 26th of October. The map then taken may be thus 
deseribed : 

Hay.— Of the thirty specimens exposed, one had become “muddy ” 
—~the seventh in the middle row reckoning from the side of the tray 
nearest the stove. Six tubes remained perfectly clear between this 
muddy one and the stove, proving that differences of warmth may be 
overridden by other canses, Every one of the other tubes containing 
the hay-infusion showed spots of mould upon the clear liquid. 

Turnip.—Four of the thirty-five tubes were very muddy, two of 
them being in the row next the stove, one four rows distant, and the 
remaining one seven rows away. Besides these, six tubes had be- 
come “clouded.” There was no mould on any of the tubes. 

Beef.—One tube of the thirty-five was quite muddy, in the sev- 
enth row from the stove. There were three cloudy tubes, while seven 
of them bore spots of mould, 

As a general rule, organic infusions exposed to the air during the 
autumn remained for two days or more perfectly clear. Doubtless, 
from the first, germs fell into them, but they required time to be 
hatched. This period of clearness may be called the “period of 
latency,” and, indeed, it exactly corresponds with what is understood 
by this term in medicine. Toward the end of the period of lateney, 
the fall into a state of disease is comparatively sudden; the infusion 
passing from perfect clearness to cloudiness more or less dense in a 
few hours. 

Thus the tube placed in Mr. Darwin’s possession was clear at 8.30 
A.M, on the 19th of October, and cloudy at 4.30 p.m. Seven hours, 
moreover, after the first record of our tray of tubes, a marked 
change had occurred. It may be thus deseribed: Instead of one, 
eight of the tubes containing hay-infusion had fallen into uniform 
muddiness. Twenty of these had produced bacterial slime, which 
had fallen to the bottom, every tube containing the slime being cov- 
ered by mould. Three tubes only remained clear, but with mould 
upon their surfaces. The muddy turnip-tubes had inereased from 
four to ten; seven tubes were clouded, while eighteen of them re- 
mained clear, with here and there a speck of mould on the surface. 
OF the beef, six were cloudy, and one thickly muddy, while spots of 
mould had formed on the majority of the remaining tubes. Fifteen 
hours subsequent to this observation—viz., on the morning of the 
27th of October—all the tubes containing hay-infusion were smitten, 
though in different degrees, some of them being much more turbid 
than others. Of the turnip-tubes, three only remained unsmitten, 
and two of these had mould upon their surfaces. Only one of the 
thirty-five beef-infusions remained intact. A change of occupancy, 
moreover, had occurred in the tube which first gave way. Its muddi- 
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ness remained gray for a day anda half, then it changed to bright 
yellow green, and it maintained this color to the end, On the 27th 
every tube of the hundred was smitten, the majority with uniform 
turbidity ; some, however, with mould above and slime below, the 
intermediate liquid being tolerably clear. The whole process bore a 
striking resemblance to the propagation of a plague among a popula- 
tion, the attacks being suecessive and of different degrees of virulence. 

From the irregular manner in which the tubes are attacked, we 
may infer that, as regards quantity, the distribution of the germs in 
the air is not uniform. The singling out, moreover, of one tube of 
the hundred by the particular bacteria that develop a green pigment 
shows that, as regards quality, the distribution is not uniform, The 
same absenee of uniformity was manifested in the struggle for ex- 
istence between the bacteria and penicillinm. In some tubes the for- 
mer were triumphant; in other tubes of the same infusion the latter 
were triumphant, It would seem also as if a want of uniformity as 
regards vital vigor prevailed. With the self-same infusion the mo- 
tions of the bacteria in some tubes were exceedingly Iangnid; while 
in other tubes the motions resembled a rain of projectiles, being so 
rapid and violent as to be followed with diffienlty by the eye. Re- 
flecting on the whole of this, the author concludes that the germs 
float through the atmosphere in groups or clouds, with spaces more 
sparsely filled between them, The touching of a uutritive fluid by a 
bacterial cloud would naturally have a different effect from the touch- 
ing of it by the interspace between two clouds. But as, in the case 
of a mottled sky, the various portions of the landscape are sueces- 
sively visited by shade, so, in the long run, are the various tubes of 
our tray touched by the bacterial clouds, the final fertilization or in- 
fection of them all being the consequence. The author connects 
these views with the experiments of Pasteur on the non-continuity 
of the cause of the so-called spontaneous generation, and with other 
experiments of his own.’ 

The tray of tubes proved so helpful in enabling him to realize 
mentally the distribution of germs in the air, that on the 9th of No- 
vember he exposed a second tray containing one hundred tubes filled 
with an infusion of mutton. On the morning of the 11th, six of the 
ten nearest the stove had given way to putrefaction. Three of the 
row most distant from the stove had yielded, while here and there 
over the tray particular tubes were singled out and smitten by the 
infeetion. Of the whole tray of one hundred tubes twenty-seven 
were cither muddy or cloudy on the 11th, Thus, doubtless, in a con- 
tagious atmosphere, are individuals successively struck down. On 


1Tn hospital practice, the opening of a wound during the passage of a bacterial 
cloud would have an effect different from the opening of it in the interspace between 
two clouds. Certain caprices in the behavior of wounds may possibly be accounted 
for in this way, 
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the 12th all the tubes had given way; but the differences in their 
contents were extraordinary. AH of them contained bacteria, some 
few, others in swarms. Jn some tubes they were slow and sickly in 
their motions, in some apparently dead, while in others they darted 
abont with rampant vigor, These differences are to be referred to 
differences iu the germinal matter, for the same infusion was present- 
ed everywhere to the air. Were also we have a picture of what oc- 
eurs during an epidemic, the difference in number and energy of the 
bacterial swarms resembling the varying intensity of the disease. It 
becomes obvious from these experiments that of two individuals of 
the same population, exposed to a contagious atmosphere, the one 
may be severely, the other lightly attacked, though the two indivia- 
uals may be as identical, as regards susceptibility, as two samples of 
one and the same mutton-infusion, 

The author traces still further the parallelism of these actions with 
the progress of infectious disease. The Zines of January 17th con- 
tained a remarkable letter on typhoid fever, signed “ME. D.,” in which 
oceurs the following statement: “In one part of it (Edinburgh), con- 
gregated together and inhabited by the lowest of the population, 
there are, according to the corporation return for 1874, no less than 
14,319 houses or dwellings—many under one roof, on the ‘ flat’ sys- 
tem—in which there are no house-connections whatever with the street- 
sewers, and, consequently, no water-closets. To this day, therefore, 
all the excrementitious and other refuse of the inhabitants is collected 
in pails or pans, and remains in their midst, generally in a partitioned- 
off corner of the Hying-room, until the next day, when it is taken down 
to the streets and emptied into corporation-carts. Drunken and 
vicious though the population be, herded together like sheep, and with 
the filth collected and kept for twenty-four hours in their very midst, 
itis a remarkable fact that typhoid fever and diphtheria are simply 
unknown in these wretched hovels.” 

This case has its analogue in the following experiment, which is 
representative of a class: On November 30th, a quantity of animal 
refuse, embracing beef, fish, rabbit, hare, was placed in two large 
test-tubes opening into a protecting chamber containing six tubes. On 
December 13th, when the refuse was in a state of noisome putrefac- 
tion, infusions of whiting, turnip, beef, and mutton, were placed in the 
other four tubes. They were boiled and abandoned to the action of 
the foul “sewer-gas” emitted by their two putrid companions. On 
Christmas-day, these infusions were limpid. The eud of the pipette 
was then dipped into one of the putrid tnbes, and a quantity of matter, 
comparable in smallness to the pock-lymph held on the point of a 
lancet, was transferred to the turnip. Its clearness was not sensibly 
affected at the time; but, on the 26th, it was turbid throughout. On 
the 27th, a speck from the infected turnip was transferred to the 
whiting; on the 28th, disease had taken entire possession of the 
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whiting. To the present hour, the beef and mutton tubes remain as 
limpid as distilled water. Just as in the case of living men and women 
in Edinburgh, no amount of fetid gas had the power of propagating 
the plague so long as the organisms which constitute the true con- 
tagium did not gain access to the infusions. 

The universal prevalence of the germinal matter of bacteria in 
water has been demonstrated with the utmost evidence by the experi- 
ments of Dr. Burdon Sanderson. But the germs in water are in avery 
different condition, as regards readiness for development, from those 
in air. In water they are thoroughly wetted, and ready, under the 
proper conditions, to pass rapidly into the finished organism. In air 
they are more or less desiccated, and require a period of preparation 
more or less long to bring them up to the starting-point of the water- 
germs. The rapidity of development, in an infusion infected by either 
a speck of Hquid containing bacteria or a drop of water, is extraor- 
dinary. On January 4th,a thread of glass almost as fine as a hair was 
dipped into a cloudy turnip-infusion, and the tip only of the glass fibre 
was introduced into a large test-tube containing an infusion of red 
mullet; twelve hours subsequently, the perfectly pellucid liquid was 
cloudy throughout and full of life. A second test-tube containing the 
same infusion was infected with a single drop of the distilled water 
furnished by Messrs. lopkin and Williams ; twelve hours also sufliced 
to clond the infusion thus treated. Precisely the same experiments 
were made with herring with the same result. At this season of the 
year several days’ exposure to the air are needed to produce the same 
effect. On December 31st, a strong turnip-infusion was prepared by 
digesting in distilled water at a temperature of 120° Fahr. The infa- 
sion was divided between four large test-tubes, in one of which it was 
left unboiled, in another boiled for five minutes, and in the two remain- 
ing ones boiled, and, after cooling, infected with one drop of beef- 
infusion containing bacteria. In twenty-four hours, the unboiled tube 
and the two infected ones were cloudy; the unboiled tube being the 
most turbid of the three. The infusion here was peculiarly limpid 
after digestion ; for turnip it was quite exceptional, and no amount of 
searching with the microscope could reveal in it at first the trace of a 
living bacterium; still germs were there which, suitably nourished, 
passed in a single day into bacterial swarms without number. Five 
days have not sufticed to produce an effect approximately equal to this 
in the boiled tube, which was uninfected but exposed to the common 
Inboratory air. 

There cannot, moreover, be a doubt that the germs in the air differ 
widely among themselves as regards preparedness for development. 
Some are fresh, others old; some are dry, others moist. Infected by 
such germs, the same infusion would require different lengths of time 
to develop bacterial life. This remark applies to and explains the 
different degrees of rapidity with which epidemic disease acts upon 
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different people. In some, the hatehing period, if it may be called 
such, is long, in some short, the differences depending upon the dif- 
ferent degree of preparedness of the contagium. 

The authors refers with particular satisfaction to the untiring 
pitience, the admirable experimental skill, the veracity in thought, 
word, and deed, displayed throughout the inquiry by his assistant Mr. 
John Cottrell, who was zealously aided by his junior colleague Mr. 
Prank Valter. 


———4+>—___ 


MUSEUM GODEFFNOY. 
By Pror. HENRY A. WARD. 


N one of the quarters of the “old city” in Hamburg, untouched by 
-l. the great fire of 1842, is a little square around which crowd tall, 
narrow buildings with high, pointed roofs. The quaint architecture, 
the flat barges in the canal, and the queer trucks with harness enough 
on cach horse to stock a team of four, remind one of the middle ages; 
but the busy railway-station near by and the forest of shipping on the 
Elbe bearing the flags of every civilized nation tell us that this is 
the great commercial port of Northern Europe. Here lives Herr Cesar 
Godeffroy, one of the merchant-princes of Ilamburg, whose ships for 
half a century have been sailing over every ocean. Ilis great wealth 
has been expended liberally and in many ways, as Hfamburgers all 
bear witness. But in one nnique method Herr Godeffroy has long been 
doing a great work for science in Europe—a work that has made his 
uame honored among the savants of Germany. This is the originating 
and sustaining an immense museum, now called after his name; an 
establishment which has for its object the collection and distribution 
of zodlogical material, especially in the department of the inverte- 
brates, 

err Godeffroy had a deep love for the beautiful and rare in Nature, 
and his captains brought to him contributions from all seas. This plan 
he encouraged, and finally enjomed it upon them, furnishing them be- 
fore each departure with nets, dredges, casks of alcohol, and other equip- 
ments for collecting largely wherever they went. Most of his ventures 
were among the South-Sea Islands, and thence came to him splendid 
crustaceans, mollusks, star-fishes, sea-eges, holothuria, corals, sponges, 
sea-fans, and the like. The collection as reecived increased so oyer- 
whelmingly in quantity and variety (for this systematic and princely 
research had developed a marvelous wealth of new forms), that Terr 
Godeffroy determined to make it available to science in the fullest 
manner possible. So he gave up one of his warehouses, fitted it up 
from cellar to garret for the storage and handling of this material, and 
engaged curators to assort and put in shape for permanent preserva- 
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tion the fresh arrivals. Specialists were also enlisted to work up each 
department, identifying the old and describing the new. Thus some 
of the most distinguished German naturalists were employed in this 
great storehouse of Nature’s wonders. Some of them even found here 
opportunities for wider comparison of species than in the Royal Mu- 
seums at home. 

In other cases material was sent to the highest authorities in the 
various classes. Profs. Kélliker and Spengel, for cxample, have 
worked up the mammals; Sharpe (of the British Museum) and Drs. 
Hartlaub, Finsch, and Griiffe, the birds; Prof. Peters, the amphibians ; 
Dr. Giinther, the fishes; Semper, the insects; Dunker, Monson, Mar- 
tens, and Garret, the mollusks; Ltitken, the echinoderms; Dr. IXirchen- 
paner, IXélliker, and Semper, the ecelenterates ; and Dr, Ehlers, the pro- 
tozoans. 

This plan, most liberally sustained, has resulted in giving the 
Godeffroy Museum a high place among the cabinets of Europe for its 
many type-specimens and novelties. The duplicates were freely dis- 
tributed to institutions of science in the Fatherland, and to many 
specialists beyond it. This munificence in thus aiding investigators 
isa theme of praise among professional zodlogists on the Continent. 
Many of the discoveries among the lower forms of marine life which 
have enriched German science during the last two decades may be 
credited to the Hamburg storehouse. Rarely have wealth and liber- 
ality been combined in a way more grateful to working naturalists ; 
and never did science indireetly receive greater material benefit from 
one not himself an investigator, For Herr Godeffroy is a merchant, 
spending most of his time in his counting-room and at the Bourse, and 
superintending cargoes which unite ILamburg with nearly every part 
of the world. JJe visits his museum for an hour or two as a weekly 
recreation, looking over the beautiful forms, and hearing from his corps 
of workers their most noteworthy observations. It is a phenomenon 
too rare in America; nor is it common even in more intellectual 
Europe to find commerce and science thus sharing the attention of the 
same mind. A Berlin naturalist, who was in a position to know, told 
the writer that Herr Godeffroy had for many years in the early part of 
his enterprise expended not less than from six to eight thousand thalers 
each year in procuring and working up his natural history material. 
It was perhaps to lessen the burden of this outgo by an income, and to 
make the institution in part selsupporting and therefore more per- 
manent, that in 1865 (?) the founder decided to offer for sale to Enro- 
pean naturalists his stores of duplicate material already acquired 
and daily coming in. For this purpose a carefully-prepared catalogue 
of the Museum Godeffroy was issued, with a detailed list of the 
species in classified order, giving the author and locality, and the 
catalogue number which follows the specimen when it goes forth. 
This catalogue is in itself an almost exhaustive list of marine inver- 
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tebrates in the regions which the Godeffroy collectors have visited ; 
and what gives it peculiar value is its reHable indication of the 
locality of the specimen, coming as it does from a trained collector 
sending direet to the establishment. The fifth catalogue, issued in 
1874, is a pamphlet of 252 pages, and notes, in close print, the 
name, author, locality, and price, in Prussian currency, of about 
9,600 species of insects, erustaceans, mollusks, echinoderms, cclen- 
terates, and protozoans, besides several hundred vertebrates. Much 
of this invertebrate material is in aleohol, The skillful use of this, by 
both collector and curator, has allowed the preservation of a large 
series of forms which are seldom offered for sale at a natural history 
establishment. Such are beautiful coral-polyps and other zodphytes, 
physalias, velellas, pyrosomes, salpide, ascidians, holothurians, arach- 
nide, minute crustaceans, polyzodans, tunicates, and many other 
forms of extremest interest to the student, but heretofore rarely obtain- 
able. In a word, the Museum Godeffroy, as now conducted, is a vast 
storehouse of material available for the eabinets and laboratories of 
working naturalists and teaehers of comparative zodlogy in ull parts 
of the world. It affords a splendid opportunity to our college profess- 
ors to obtain those forms so needed in a systematic course of zodlogi- 
cal lectures or in rounding out the ordinal divisions in their museums. 

It may be wondered that so little has been known of this Hamburg 
“ Zodlogical Comptoir” in America. The reason is to be found in 
the extreme (we had almost said unfortunate) delicacy of Herr Godet- 
froy, who has never been willing in any way to publish this as a com- 
mereial establishment; even the catalogue gives only on one page, 
accidentally as it were, the facts that the objects are for sale. 

The enterprise is carried on purely in the interests of scientific dis- 
covery at a yearly expense, beyond returns, of several thousand dol- 
lars. he staff of collectors, equipped and kept in the field, is very 
large. Among those specially engaged at present are the following: 

Herr Hildebrand is dredging in the southern part of the Red Sea 
and along the east coast of Africa, and interior in the Somali land, a 
region whose fauna is little known. Herr Dimel is at work in Eastern 
Australia, having passed through Queensland and penetrated three 
hundred miles into the interior, obtaining strange forms of mollusks 
and that strangest of fishes—the Ceratodus Posteri. Six of these fishes, 
about two feet long, have been secured by him, and six German muse- 
unis have got these ichthyological treasures at two hundred Prussian 
thalers each. Also in Australia, Frau Dietrich, a second Madame 
Pfeiffer, for the last ten years has been traveling and collecting for 
the Godeffroy Museum. Her collections of insects are astonishing in 
the number of new forms brought to light. In the rapturous South- 
Sea Islands—Samoa, Viti, Pelew, Society, Marshall, and others—Herr 
Kubarz and Dr. Garret have resided for more than ten years, cruising 
from island to island and making magnificent collections of polyps, 
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echinoderms, mollusks, and crustaceans. The observations of these 
educated naturalists are familiar to the readers of the “ Transactions” 
of the German zodlogical societies. Fora long time the discoveries 
of this large party of expert collectors were thus freely contributed to 
the various scientific publications of Germany and Great Britain. But 
in 1873 Herr Godeftroy commenced the Journal of the Museum Godef- 
froy, © thick quarto issued in four yearly parts. This journal contains 
the elaborate report of distinguished naturalists on the series of speci- 
mens submitted to them. Thus Milne Edwards, of the Garden of Plants 
at Paris, has described the erustaceans; and Liitken, of Copenhagen 
University, the echinoderms; and Dr. Giinther, the celebrated ichthy- 
ologist of the British Museum, the fishes. The Journal is profusely 
illustrated with colored cuts, and takes high rank for its beauty and 
scientific value. 

Such is the remarkable Museum Godeffroy. As a storehouse of 
material for the benetit of working naturalists it stands unique; and 
as an auxiliary to the purest, highest research, it is one of the signs of 
the times that wealth is not absorbed in material interests; that com- 
merce counts it an honor to contribute to original investigation. May 
the number of such men increase, and such institutions multiply ! 


THE POLAR GLACIERS. 
By ©. C, MERRIMAN. 


A bes centre of gravity of the earth is the centre of the sphere formed 
by the surface of the oceans; or rather, owing to the flattening 
of the earth at the poles, it is a point equally distant, in opposite 
directions, from the level of the sea. The waters, being free to move, 
must of uecessity conform themselves to this equidistance from the 
gravitating centre of the whole mass. Inasinnch, then, as any plane 
which cuts the earth into two parts through its centre of gravity must 
equally divide the weight of the whole earth, it follows also that the 
same plane would exactly bisect the great spheroid of the oceans. In 
each hemisphere the sea-level in all corresponding parts would be at 
the same distance from this centre; and whatever land and mountains 
there might be above the ocean in one half would have to be counter- 
balanced by land, or an excess of weight of some sort, in the other 
half. And this counterpoising weight must itself rise above the level 
of the sea, unless we say that one side of the world is composed of 
heavier materials than the other, of which there is not the least evi- 
dence or probability. 
If the plane thus dividing the earth be that of its equator, there 
will be found in the northern hemisphere about 44,000,000 square miles 
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of land, and in the southern, so far as is known, about 16,000,000 square 
miles. Now, the great problem in physical geography is, What is 
there in the southern hemisphere to counterbalance this great excess 
of land in the northern ? 

Humboldt has estimated that, if the mountains and highlands of 
Asia were leveled down and made to fill up evenly the low places, the 
whole continent would have a uniform height of 1,150 fect above the 
sea. In like manner, South America would have a height of 1,130 
feet; North America of 750 feet ; and Europe of 670 feet. The aver- 
age of the whole he estimates at 920 feet. Of the mainlands not 
included in the above—namely, Afriea, Australia, the polar lands, and 
islands—abont as much is north as south of the equator. So that we 
may safely estimate that there is in the northern hemisphere an excess 
of 28,000,000 square miles of land, of the average height above-men- 
tioned, to be counterpoised by something yet to be found in the south- 
ern hemisphere. 

If there is an excess in the quantity or bulk of water south of the 
equator over that north of it, then the difference of weight between 
this exeess and so much land, which is abont in the proportion of one 
to two and a half, must be added to the unknown quantity which we 
are soon to look for above the southern seas. As there is, of course, 
the same excess of water-surface south of the equator that there is of 
land-surface north of it, and as we may very safely assume that the 
oceans have a mean depth of at least 3,220 feet (34 X 920) and that the 
southern waters average as deep as the northern, it follows that our 
unknown quantity is at the very least doubled by the above consid- 
erations. We have, therefore, to seek in the southern hemisphere 
what will balance 28,000,000 square miles of land at least 1,840 feet 
high, 

We look over the map of the world, and down near the bottom we 
find some nnecertain landmarks with many breaks, but on the whole 
tracing out very nearly the antarctic cirele, and indicating that there 
is, covering nearly all that zone, an unexplored and scarecly discov- 
ered country. This impenetrable region is estimated to be as large 
as the continent of North America, abont 8,000,000 square miles. 
A very little arithmetic will now prove the bold claim which I here 
make, that, even supposing the whole of this region to be land of the 
average continental height, there is still required over it allan average 
thickness of two and a half miles of solid ice to make the southern 
hemisphere equal the northern in weight. 

This result of caleulation is well confirmed by the information 
which all southern navigators have brought back from those most 
desolate and ice-bound regions. The zone of the antarctic has been 
encroached upon only in a small space south of the Pacific. On every 
other side, so far as has been discovered, mountains of ice block the 
way on and near the polar cirele, whieh seems to be the great ice-bar- 
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rier of the south pole. Discoverers suppose what they have looked 
upon to be lund, but rarely have they ever seen any thing but rolling 
ranges of ice and snow rising higher and higher as far as the eye could 
reach. In the most open of the south-polar seas, Sir James Ross, in 
1841, sailed 450 miles along an unbroken cliff of ice from 150 to 250 
feet high, and of unknown depth beneath the water. It was one of 
the vast antarctic glaciers pushing down into the sea, from which some 
of those southern icebergs were broken off, that navigators have fre- 
quently laid down for islands, while the next sailor that voyaged that 
way found open water where they were charted. 

Not a sign of vegetation, not an indication of thawing, has ever 
been discovered within or near the antarctic circle, whereas there 
are aboriginal races and numerous settlements of civilized communi- 
ties on every side within the arctic circle. The whaleboat or the dog- 
sledge has traversed the arctics and found the sea-level in almost every 
degree of high latitude. In the south no adventurer has yet pene- 
trated within probably 1,500 miles of the centre of greatest cold. 
Whence comes this great difference in the climate and ice acenmula- 
tions of the two poles of the carth? It is the object of this article to 
inquire if in the astronomical relations of our planet there are found 
any sufficient causes for such differences. 

The path of the earth about the sun once every year is an ellipse, 
with the sun in one of the foci or centres. An ellipse is a circular 
figure having two centres instead of one; that is, the circumference is 
everywhere equally distant from the two centres taken together—the 
sum of the two distancesis alwaysthe same. Therefore, the sun being 
in ono of these centres, the earth is nearer to it in one half of the year 
than in the other. At the present time the nearest approach, or the 
perigee, occurs abont the lst day of January; and the earth is at 
that time 3,200,000 miles nearer to the sun than it is on the Ist day 
of July. 

It is a peculiar property of bodies revolving in elliptical orbits, 
that they travel faster when near the centre of attraction than when 
farther away. It follows, from the second of the three great laws of 
planetary motion discovered by Kepler, that the line connecting the 
two bodies must pass over equal areas in equal times. The earth 
passes throngh our winter portion of its orbit, that is, from antumnal 
to vernal equinox, in eight days less time than through the summer 
part of it. In the southern hemisphere, of course, the condition of 
things is reversed, and the winter there is eight days longer than the 
summer. Moreover, the sun is at its greatest distance from the earth 
during the long sonthern winter, and at its least in the short northern 
winter. 

Of the two causes, I regard the first as of main importance. Dis- 
tance from the sun, whatever theory may be, does not seem to have 
much effect upon climate. The southern summers, when the sun is 
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over 3,000,000 miles nearer the earth, are said to be even some degrees 
cooler than the same seasons in corresponding localities of the north- 
ern hemisphere. And to take an extreme cxample, Mars, which is 
50,000,000 miles farther from the sun than the earth is, has snow-lines 
about its poles which reach no nearer the equator than on onr planet 
in corresponding seasons. But the exeess or diminution of eight days, 
in the winters of climates which even in their warmest seasons barely 
balance on the thawing point of ice, is a true cause in polar conditions 
and differences. Considering that these days affect chiefly the period 
of briefest sunshine, it amounts to quite one-twentieth of the whole 
power of the sun on a hemisphere, This difference would not be ap- 
parent in the warm regions of the globe, where there is always an 
excess of heat which is carried off by evaporation and ocean-currents ; 
but it would exert nearly its full force in polar regious which are un- 
affected by those influences. 

It cannot be denied that it is the snn’s heat which prevents the 
temperature of the earth from sinking to, or very near to, the absolute 
zero of cold, wherever in the thermometrical scale that may be. Chem- 
ists have produced a cold estimated at 257° below zero, of Fahr,’ It 
is not by any means probable that this reaches the entire absence of 
heat. But, on the supposition that it is so, and that polar regions are 
unaffected by the air or water currents of the tropics, then an excess 
of eight winter days would lessen a polar temperature 15°, and 
unquestionably amount to the difference of an accumulation of ice and 
snow year after year, iustead of the annnal thawing during each sum- 
mer, of the winter’s increase. 

This is precisely what is, or has heen, taking place at the respective 
poles of the earth. Year after year, probably for a long period, there 
has been a steady accumulation of ice-material about the south pole, 
adding weight to that hemisphere. Then, in proportion to this in- 
crease, the centre of gravity of the earth has moved a Ettle toward the 
south ; and the waters, always obedient to this controlling point, have 
gradually gathered into the southern seas, covering the lowlands and 
plains of islands and continents. At the same time the waters weré 
drawn away from the north-polar regions, uncovering lands, and Jeav- 
ing bays and sounds and inlets innumerable. The geography of the 
countries fully corresponds to these inferences. The seas of the arcties 
are comparatively shallow and deeply cut up, and the lands are low- 
lying, In the antarcties the oceans are deep and bayless, and all the 
mainlands and islands are precipitous and eraggy, as if they were the 
peaks and table-lands of mountain-ranges, 

It is now the question whether this state of things is a permanent 
arrangement—whether we of the uorth side are always to haye the 
advantage of extent of territory, of fertile lands and healthful homes 


1 The temperature of stellar space is estimated by Sir John Herschel and others at 
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in middle latitudes, in short, of all that makes the rivalry of nations, 
and civilization a necessity. To answer this question it will be neces- 
sary to turn again to astronomy, and to study for a few moments 
some of its more abstruse problems. 

In addition to the rotation of the earth on its axis once every day, 
and its revolution abont the sun once ina year, there is also a slow, 
rolling motion of the equator, caused by the attraction of the sun on 
the excess of matter in equatorial diameters over the polar. It is pre- 
cisely as when one touches the rim of a top in rapid motion: there is 
set up at oncea slow, gyrating or tilting roll, and the upper end of the 
stem describes a small circle. Just so the sun Jays hold of the protu- 
berant rim of the great terrestrial top, and immediately it begins to 
oscillate in the long secular period of 25,868 years; while the polar 
axis, extended to the heavens, describes in the same length of time a 
small circle of 234° radius among the northern or southern stars. This 
is the motion which occasions what is called the precession of the 
equinoxes, The plane of the earth’s equator crosses the plane of its 
orbit; and, when the earth is at the points of junction, the days and 
nights are equal the world over. These two points, therefore, are the 
equinoxes; and the earth passes through them abont the 21st days of 
March and September. Owing to the rolling motion of the equator, 
above described, these points, always in the line of intersection of the 
two planes, pass successively through the twelve signs or constella- 
tions, making slowly the entire circuit of the heavens. The vernal 
equinox, which now points to, oris on a line between, the sun and the 
constellation of the Fish, after about 26,000 years will have traveled 
the great circle of the heavens and come back again to point to the 
same cluster of stars which is now overhead at midnight on the 21st 
of Mareh. 

But the time of this revolution, so far as it affects the climate of 
the earth, is modified by the following cireumstance: The ellipse or 
oblong circle in which the earth revolves about the sun is itself all the 
time slowly revolving. The long diameter of it—the major axis— 
makes a complete revolution in the heavens once in 110,000 years. 
Now, as this revolution is forward, or in the same direction among the 
constellations that the sun appears to move, while that of the equinoxes 
is retrograde, it follows that the extremities of the major axis, which 
are the perigee and the apogee, advance to meet the equinoctial points ; 
so that the revolutions, or rather the conjunetions, of the equinoxes, 
which have to do with terrestrial climate, are accomplished in the 
shorter period of 21,000 years. 

Now, all this astronomy amounts simply to this: that in the year 
of our Lord 1248 the earth was at its nearest approach to the sun on 
the 21st day of Deeember, our winter solstice; and that in 10,500 
years from that time the same thing will happen on the 21st day of 
July, our summer solstice. In the period comprising the first case, 
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our winters are short and mild, and our summers long and sunny. 
During the cycle which shall comprise the latter case, our winters will 
be rigorons and our summers short, The northern hemisphere is now 
having its great summer. In abont 10,000 years it will be in the 
midst of its great whiter; and whatever differences there may be be- 
tween the two hemispheres, owing to astrononiical causes, will then be 
in full force against the northern. 

A distinguished Scotch mathematician, Mr. James Croll,’ has 
estimated that the melting of a mile in thickness of the present ant- 
aretic ice would raise the sea-level at the north pole 300 feet, and at 
Glasgow 280 feet. We have calculated, from data which were in- 
tended to be under-estimates in every case, that there were at Icast 
two and a half miles of average thickness in what geographers call 
the great ice-cupola of the south pole. If, therefore, not only this 
were removed, but an equal quantity of ice were deposited at the north 
pole, there would be a deepening of the sea at the arctic circle of 
1,500 feet. 

Thus it is seen that, as certainly as terrestrial revolutions continue, 
in the course of 10,060 years there must come an entire reversal 
of polar conditions, The southern waters must be drained off to make 
the oceans of an opposite hemisphere. New lands, enriched with the 
sediment of a hundred centuries, will rise up to extend the borders of 
the old south continents, and islands joining together, will expand 
into mainlands. At the same time the northern continents must be in 
vreat part submerged, and their summits and ranges become the bleak 
islands and the bold headlands of a tempestuous ocean, Central 
Asia, with its broad table-lands, may still retain the name of a con- 
tinent; but, beyond a few outlying islands, there will be no Europe, 
and hut little of North America left. The Atlantic waters will stand 
five hundred feet over Lake Superior, and will wash the base of the 
Rocky Mountains in all their length. A new Gulf Stream may again, 
as it must often have done before, flow up the valley of the Mississippi, 
returning the deltas to the prairies, and remaking the beds of the gar- 
den of the world. These are no idle or impossible fancies. Not only 
are they the results of rigorous calculation, but they accord perfectly 
with the unmistakable evidences which the ocean has left, all over our 
land, of its recent work and presence. 

The time-honored geologist, Sir Charles Lyell, lays great stress on 
the quantity of land and the configurations of continents, as chiefly 
efficacious in the great climatic changes. But it may be pertinently 
asked, What becomes of his continents and configurations when the 
seas of one pole advance to the other, as they mmquestionably do, as 
they cannot but do, every 10,500 years, obedient to the transfer of 


1This artiele was written before the publication of Mr. Croll’s reeent work on “ Cli- 
mate and Time.” The reference here is to an article published some years since in the 
Philosophical Magazine. 
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vast lee-weights from one end of the world to the other? On all the 
mountains of New England there are sea-lines at elevations of 2,000 
and 3,000 feet, and Lyell himself has recorded the facts. When 
the ocean was that deep over Boston, there were no continents in the 
nortbern hemisphere. Undoubtedly the height and direction of monn- 
tain-ranges, the trending of sea-shores, and the course of ocean cur- 
rents, have much to do with local climates. But, instead of the rela- 
tive quantity or location of land and sea having any agency in pro- 
ducing the glacial periods, it is these periods which produce the land 
and the sea, 

So much for the causes and conditions which pertain to the geog. 
raphy of the present and the future. When, now, we turn back a few 
of the leaves which tell of the past condition of our planet, we imine- 
‘liately see that the same causes have been at work in recent geologi- 
exl times on a much more extensive scale—in fact, that they have 
been the chief agents in composing and modifying the present surface 
of the earth ontside of the tropies. Over all the northern portions of 
Europe, Asia, and North America, are found the unmistakable evi- 
dences of extensive and recent ice-work. Bowlders of every size, 
some worn and some angular, are scattered in immense quantities 
over all the country, on the hills, on the plains, in places where the 
only possible explanation is that they were lifted up, carried, and 
dropped, just where they are found; and the great iceberg was the 
earrier. The face of the rock-beds, wherever brought to view, in the 
valleys or on the mountains, is almost always found to be ground or 
polished, and, over that, grooved and furrowed with nearly parallel 
seratches. The Alpine glaciers are doing exactly the same work to- 
day. Erratic blocks of foreign origin, and sometimes of enormous 
dimensions, are frequently found perched on the very tops of hills, or 
stranded high up the mountain-sides; and the quarries from which 
they came are invariably found to the northward, sometimes fifty or 
even a hundred miles. It is argued that nothing but polar glaciers 
could thus haye moved them in uniformly meridional lines. The 
scrapings of grounding ice-floes, the marks of ancient sea-shores, and 
marine relics and shells, are found at clevations of several thousand 
feet above the present ocean-level. There is no eseaping the conelu-, 
sion that the northern continents have been, in not remote ages, deeply 
submerged beneath an ice-laden sea; and that the entire polar and 
north temperate regions, extending in some places south of the for- 
tieth parallel of latitude, have been capped with one massive covering 
of ice of great thickness, Precisely the same evidences are found in 
South America, and, according to Agassiz, even much nearer the equa- 
tor than in North America. We have again to search our astronomy 
for causes many times more powerful than any thing we have yet 
found, for differences of polar temperatures, 

The earth is made to reyolve in an orbit drawn out of the circular 
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form by the combined attractions of the other planets, Jupiter carry- 
ing the controlling influence. When the average of all these forces 
for long periods is more in one direction than in another, our planet is 
drawn away from the sun on that side. Now, it must oceasionally 
happen, with the various periods of revolution of the plancts, that 
they unite at times to produce extreme irregularities. The present 
difference between the nearest and farthest distance of the sun from 
us is 3,200,000 miles. It is found, by calculating back the planetary 
orbits and conjunctions, that this foeal distance has been as much as 
14,000,000 miles. There was, then, an excess of thirty-nine winter 
days during each year of the great secular winter of either pole. 
This exceptionally high eccentricity occurred, according to the caleu- 
lations of Mr. James Croll, about 850,000 years ago. But it is now 
generally thought that we have no need to go back as far as that for 
the period of the last glacial epoch: 200,000 years ago the focal dis- 
tance was 10,500,000 miles, and the winter excess twenty-eight days. 
This, on the supposition heretofore made of the absolute zero of cold 
being at least 257° below the freezing-point, would lower the mean 
temperature in polar regions 50° Fahr., and would unquestionably ex- 
tend the permanent ice-limits far into the temperate zone. From that 
time, down to 70,000 years ago, the eccentricity was continually from 
two to four times greater than now. Since about 70,000 years ago, it 
has been nearly all the time less than at present. Thus it may fairly be 
concluded that the great glacial period of the Post-tertiary era came 
to an end with the fourth secular winter in the past, or B. c. 67,000, 

This is a very interesting date to us of the genus Aomo , for it 
must have been about this time, according to all accounts, that our 
forefathers made their appearance on the earth. Man, with the long- 
haired mammoth, the woolly rhinoceros, the huge cave-bear, the great 
horned reindeer, and numerous other species now extinct, followed 
close upon the retreating ice-fields of the bowlder period. Our prime- 
val ancestors were a race of hunters, and they subsisted on the most 
abundant and magnificent game that the world has ever seen. They 
lived in caves or under projecting ledges, and with only flint-headed 
weapons contested their lives and homes with savage beasts. They 
cracked the bones of animals for their marrow, or crushed them in 
stone mortars for the fats and the juices which they contained. It was 
the lingering carnivorous instinct to gnaw the bones of their prey. 
They had fires at their funcral feasts, but there is little evidence of 
their indulging often in the luxury of cooked meats. It was a rude 
life, and a hard struggle they must have had for it; but their history 
is read in the drift-beds and cave-deposits of Europe, as plainly as 
if there had been an Herodotus to write it. 

The effect and bearing of the great ice periods on geological work 
and time will be further considered in a second article in continuation 
of this. 
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Il. 

OT all matter is capable of performing vital acts. Those sub- 
stances alone possess this property which, owing to their pecul- 
iar composition, readily undergo molecular changes; that is to say, 
whose parts are grouped in very unstable equilibrium, and which 
are always ready to form other combinations, This state of insta- 
bility is the result of complex combinations of six simple bodies, 
which at common temperatures have a very weak affinity for one 
another, but a strong aflinity for elements outside of these combi- 
nations. Of the six, four, namely oxygen, hydrogen, carbon, and 
nitrogen, enter into these combinations in large proportions, while of 
the other two, namely sulphur and phosphorus, only a few atoms enter ; 
and these latter elements are so readily oxidized that their presence 
increases the instability of the compound. Besides, the atoms of 
these simple bodies, though oceurring in identical proportions, may be 
grouped according to different modes of aggregation (isomerism and 
polymerism), and the organic compounds which they make up stand 
midway between liquids and solids; their molecules are highly incon- 
stant, whenee result two well-known properties: the plasticity of 
organic matter, and its permeability to other substances. These 
properties are further causes of instability, inasmuch as they expose 
the organie substances to a number of disturbing influences. Thus, 
organic matter is not only subject to decomposition by light and heat, 
but also by the direet or indirect chemical action of bodies entering 
it, or acting on it from without. In such eases the effect of the dis- 
turbance is to cause the organie substance to pass from a state of rela- 
tive instability to one of relative stability, or even to the state of com- 

pounds the most stable in the organie world. 

At the same time that it undergoes the action of these external 
forees—and among external forces we include those developed in 
organized beings, but applied to other tissues than those producing 
them—at the same time that under the action of these external forces 
organic matter suffers decomposition, it becomes the scene of no- 
table reactions, Even very inconsiderable changes in the external 
forces, which serve as its conditions, produce in it new molecular 
arrangements which offer a contrast, in their extent and importance, 
to the comparative insignificance of their cause. These new arrange- 
ments, being succeeded by more stable combinations, in turn bring 
abont a disengagement of a great amount of force, in passing from 
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a less stable to a more stable equilibrium, The atoms of the organic 
substance lose part of their latent motion, which is manifested exter- 
nally under the form of heat, electricity, light, nervous foree, or me- 
chanical motion, according to circumstances. Be the cause which 
produces these changes necessary or not, they are, of necessity, accom- 
panied by a disengagement of foree; and we can aftirm of any foree 
whatever expended by an organ of a living being, that it is the 
equivalent of a force acting from without upon that being. This is a 
consequence of the law of the persistence of foree, and it may be pre- 
sented under two forms: First, in order that a certain amount of force 
may be expended by a living being, there must have taken place, 
within that bemg, a transformation, by decomposition, of a quantity 
of organie substance capable of holding that force in the latent state; 
and, secondly, there can be no transformation of organic matter 
holding foree in the latent state, without an expenditure of force 
which shall manifest itself in some shape externally. 

In general terms, what we have to consider in living things is, 
first, a substance of special composition, and then expenditures of 
force by that substance; and this, too, is what we have in general 
terms to consider, in non-living things. The former are distinguished 
from the latter by the faet that the changes which constitute their 
history are heterogeneons; that they form many series whieh are 
simultaneous, correlative, held together by a tie of mutual dependence, 
the result being a high degree of complexity, a phenomenon belonging 
to one series having antecedents and consequents in other simultaneous 
series; and above all, that these changes form clearly-defined eombina- 
tions. This exsemble of characteristics not only enables us to dis- 
tinguish living from non-living things, but also to distinguish between 
living things themselves and to class them according to their degree of 
life. Thus a thing stands all the higher in the vital scale in propor- 
tion as, from the beginning to the end of its vital manifestations, it 
exhibits a larger number of snecessive and simultaneous changes, and 
as these changes are more heterogeneous and more closely linked to- 
gether, and in more definite relations to one another. Between the 
lowest animals, rhizopods, planaria, ete., and the highest, the birds of 
prey, maumalia, earnivora, man, there is an enormous disshnilarity ; 
still the definition applies to them all, and serves to define the ditfer- 
ence which separates them, as also the differenee of the numerous 
species lying between these extremes of the animal series. 

Though this definition is a good one, masmuch as it applies to all 
living things, and to them alone, nevertheless it is defective im that 
it omits the most distinetive peculiarity, namely, the element known 
as activity, in other words, those operations whereby living beings 
adapt themselves to their conditions of life. The definition should 
include the general relations of the living thing to its environment. 
The environment, too, has its sueeessive and correlative changes 
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which, though very diverse, present no definite combinations. Its 
composition, no doubt, is definite, and equally so its properties ; but 
they are variable, and its variations alter the relations of the environ- 
nent to the living being. To all changes of the environment there 
are corresponding changes in the living being, otherwise it would 
perish. These changes, which follow the laws of vital changes, inas- 
much as they are in a definite combination, constitute the activity of 
the animal; the more nuinerous and frequent they are, the more active 
is the life and the higher the rank of the Hving being in the seale of 
life. The degree of correspondence between the living thing and its 
environment is also its degree of life, inasmuch as in effect it connotes 
an increase in the number and in the mutual dependence of the vital 
changes which constitute life. A perfect correspondence would imply 
a perfect life. If to all changes of the environment there were op- 
posed, as a counterbalance, changes in the living thing, natural death 
would be no more, nor death by disease or by accident, all of which 
are signs of a lack of correspondence.’ 

A definition of life which possesses these characters, and which 
expresses in a general formula the law of the changes of structure, 
and of the changes of function accompanying them; that 1s to say, 
which expresses the heterogeneity, the codrdination, and the ever-in- 
creasing mutual dependence of these changes ; and which at the same 
time expresses the ever-increasing correspondence which attaches 
them to the changes of the environment by an operation of equilibra- 
tion—such a definition makes life to be an evolution, a succession of 
states of unstable equilibrium tending to perfect equilibrium ; not 


™We must here point out an erroneous statement made by Claude Bernard, In 
his article on the “ Definition of Life” (Jtevue des Deux Bfondes, 15 Mai, 1875, p. 345), 
this eminent physiologist offers as a eomplete definition of life a portion of Spencer’s 
definition, as found in the “Prineiples of Biology.” “The following definition,” 
says he, “is proposed by Iferbert Spencer: ‘Life is the definite combination of het- 
erogencous changes, both simultaneous and successive.’ And he goes on to say: 
“ Under this abstract form the English philosopher would specially indicate the idea of 
evolution and of succession observed in vital phenomena.” If M. Claude Bernard had made 
this quotation from the “ Principles of Biology” itself, he would have read immediately 
after this passage the following words: “This is a formula which fails to call up an ade- 
quate conception. And it fails from omitting the most distinctive peculiarity—the 
peculiarity of which we have the most familiar experience, and with which our notion of 
life is, more than with any other, associated. It remains now to supplement the definition 
by the addition of this peculiarity” (p. 71). Those who bave studied Mr. Spencer’s 
writings know how cautiously he sets about making a definition. He completes a formula, 
first expressed in very general terms, by the successive addition of essential characters, 
and for each of these characters he makes a minute analysis, Thus, having given as a 
preliminary result the formula quoted by M. Claude Bernard, Mr. Spencer adds that it needs 
to be completed, and a few pages further on (p. 74) he adds these words: ‘In corre- 
spondence with external coexistences and sequenees.” Again (p. 80), he writes: ‘The 
broadest and most complete definition of life will be—The continuous adjustment of 
internal relations to external relations.” It is evident that M. Claude Bernard did not 
derive from the “Principles of Biology ” the definition he quotes, and which be con- 
demns. But ought he not to have taken it from that work ? 
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only an evolution of the individual from the moment when it becaine 
more heterogeneous by the differentiation of parts and functions, but 
also an evolution of the exsemble of living beings, from the first ap- 
pearance of life in its least differentiated form up to the highest degree 
of complexity in structure and function, 

If life is an evolution, of what is it an evolution? If the question 
refers to an individual of any given species, the answer ts casily given, 
for we can study the history of its life from the germinal cell to the 
period of its full development, and to the end of its life. But if the 
question refers to the exsemble of living Nature, ouly the middle por- 
tion of which is known to us, and the beginning of which we have 
no idea of save in imagination, then the reply must be only an hypothe- 
sis, We find groups differing from one another by their respective 
degrees of vital evolution, and we regard them as being, not as it 
were links of one chain, but rather the result of an evolution which 
has taken different directions owing to different circumstances. 
Hence we can admit only one starting-poit, though the goals are 
many. The divergent lnes which we find in the development of the 
forms of living things, in the history of life, warrant our supposing 
the starting-point to be one, and at this point the evolution hypothesis 
must place the formation of primordial organic matter, whose reac- 
tions with its environment present the first erude examples of vital 
function, 

The hypothesis which accounts for the production of Hfe by the 
spontancous generation of a complete organism from simple proto- 
plasm is irreconcilable with evolution; this would suppose something 
more than an evolution, in fact a beginning in the absolute sense, 
an enormons hiatus between the causes and their supposed effects. 
But on the theory of evolution we can conceive of another mode of 
formation. It is possible that even now, under existing cosmical 
conditions, organic matter is produced; but it is more probable that 
it was formed in an epoch when the cosmical forces now known 
to us, especially heat and light, had on earth a greater intensity 
than at present. The first types must have been more simple, less 
definite, less fixed in form and structure, than the lowest rhizopods 
of our day. Indeed, they must have been more nearly allied to 
protoplasm than even Haeckel’s Protogenes ; and, before evolution 
could derive from these types our present infusoria, ares and ages 
must have elapsed. Strictly speaking, we cannot call the first living 
thing an organism at all, in the trne sense of that term; it is stretch- 
ing the meaning of words to speak of types in connection with beings 
whose form mnst have been perfectly unstable, and whose organization 
had no structure. 

Of this quasi-organism we have merely a symbolic conception, 
formed by combining two positive, empiric elements, viz., transforma- 
tions of substances strictly evolutive, such as we see in the laboratory 
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of the chemist, where organie matter goes through a series of gradual 
modifications by which it is adapted to new artificial conditions; and, 
on the other hand, facts observed in the lowest orders of animals 
by the biologist. We conceive that, in the primordial world, as now 
in the luboratory, higher types of organic substance were formed at 
the expense of lower types, aud that gradually, after repeated reac- 
tions and under favorable conditions, they resulted in organizable pro- 
toplasm, a substanee which is very susceptible of modification. Pro- 
tein, as we know, may exist in upward of one thousand isomeric forms, 
and, by combination with itself and with other substances, it yields 
products still more complex, and in countless numbers, Hence we can 
easily conceive how, under the conditions of heat and light then exist- 
ing on earth, and with the aqueous, mineral, and atmospheric environ- 
ment of that epoch, protein may have undergone metamorphoses with- 
out end. Under conditions which we can conceive as possible, though 
we may not be able to define them exactly, products may have been 
evolved fitted to exhibit the rudimentary vital reactions. In this way 
we fill up the chasm which divides the positive chemical facts of the 
higher organic combinations from the biological phenomena of the 
lower forms of life. 

But another hypothesis is stilt necessary. ‘“ When we eome down 
to the substances out of which living bodies are formed, we find 
groups and sub-groups of manifold and divergent compounds, the 
units of which are large, heterogeneous, aud unstable in a high de- 
gree. Why should we suppose that these combinations must stand 
still at the complex colloids which enter into the composition of or- 
ganic matter? Is it not more probable that, in addition to these col- 
loids, there are developed by a higher combination atoms still more 
heterogeneous and compounds still more numerous? If colloids are 
unstable, extremely modifiable by very slight incident forces, and in- 
capable of assuming the equilibrated form of crystallization, then @ 
fortiori these new organic atoms are unstable, very modifiable, and of 
many different species.” They would surpass protein in instability 
and plasticity as much as protein surpasses organic matter. Further- 
more, these atoms would possess one fundamental property, without 
which no explanation ts possible in biology, viz., the property of ar- 
ranging themselves in certain forms peculiar to the various groups to 
which they belong—a property but little understood, though its ex- 
istence is unquestionable. We call it polarity, for want of a better 
term, to indicate the power of manifesting actions in a certain fixed 
direction, These atoms we denominate physiological units. They 
are developed in every living thing, differentiating themselves from 
one another in different organisms by the same causes which differen- 
tiate the organisms themselves, aud in this way acquiring a diversity 
which corresponds to that of the creature they constitute by their ag- 
gregation, They follow, step by step, in their modifications the modi- 
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fications of the aggregate to which they belong. They undergo the 
influence of the environment, though indireetly, through this aggre- 
gate. Their modifications are new directions, amplitudes of new vibra- 
tions, which place them in eqnilibrium with the forces which the ev- 
semble of the aggregate, as modified by the environment, brings to 
bear upon them. These moditications endure as long as equilibrium 
endures, and are ever transmitted to the new units which spring from 
the former ones, until, on the equilibrium being disturbed, a new 
breaking-up of the existing relations necessitates others. 

The hypothesis of physiological units is a necessity, not only in 
order tu fill up the gap which separates the highest products of or- 
ganic chemistry from those irreducible elements revealed by the mi- 
eroscope which we call morphological elements, but also in order to 
furnish a substratum for the positive property which serves to account 
ior the great facts of biology, and to refer them, by formulw expressed 
in terms of mechanics, to first principles. 


Let us now consider the great faets of biology. 

The growth of an organism is an operation essentially like the 
growth of a crystal. “ Around a plant there exist certain elements 
that are like the elements whieh form its substanee ; and its increase 
of size is effected by continually integrating those surrounding like 
elements with itself. Nor does the animal fundamentally differ in this 
respect from the plant or the crystal. Its food is a portion of the en- 
vironing matter that contains some compound atoms like some of the 
compound atoms constituting its tissues; and, either through simple 
imbibition or through digestion, the animal eventually integrates with 
itself units like those of which it is built up, and leaves behind unlike 
units.” 

Organic growth differs from inorganic in this, that it has limits. 
All conditions remaining the same (a proviso that must always be 
made in biology), and the quantity of integrated substance not vary- 
ing, we find that, by the prineiple of the persistence of force, the 
growth of the living being must depend on the expenditure. The only 
portion of the integrated substance that can serve for growth is the 
unexpended residue, the excess of nutrition over expenditure—a quan- 
tity which is essentially variable, and which transfers its variations 
to the growth, limiting it and diminishing it more or less rapidly from 
the moment when the body of the living thing has attained its full 
development. Experience shows that the limit of growth is fixed for 
those organisms which have large expenditure, and that for those 
which have hardly any expenditure this limit gradually recedes ; of 
this the crocodile is an instance. But there is another element which 
must be taken into account, namely, that the definitive volume of an 
organism, being the sum of its initial volume and of its successive 
increments, must depend upon the initial volume. ‘The definitive vol- 
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ume depends also on the organization, which enables the living thing 
to assimilate snbstances in large quantity and to dispose of an amount 
of nutrition in excess of the expenditure, just as a large capital, while 
it gives the means of undertaking great enterprises, at the same time 
yields increased profits. 

The integration by an organism of substances homologous with its 
own has for its effeet a segregation which increases the difference 
between the organism and the environment, and at the same time 
makes this difference stable. While the organism is being integrated, 
at the expense of the environment, by deriving from it special mate- 
rials, each organ is being integrated at the expense of the organism, 
from which it derives, as from an environment, its special materials. 
Like the organism, each organ diverges more and more, by a gradual 
segregation, from the organs around about it. The organic units 
which constitute it attract other units with the same polarity, diffused 
throughout the fluids. This is not always the case, and homologous 
units do not always exist ready made in the nutrient fluid. More 
generally the organic units find in the fluids only the elements neces- 
sary for the production of homologous units, and segregation is per- 
fected by a phenomenon of the nature of a genesis. Still in this case, 
as in the preceding, the result is a more perfect differentiation of the 
parts of the organism, an increase of heterogeneity, and augmentation 
of the distinction between the different parts, and ultimately the for- 
mation of a structure and of an actual organism. This resnlt is called 
development. 

Expressed in general terms, development is the transition from a 
state of incoherent homogeneity to a state of coherent and definite 
heterogeneity ; from a state wherein the parts are all alike, or rather, 
where there are no distinct parts, to a state wherein there are parts 
clearly defined, with fixed forms and attributes. The bud of a plant 
consists of a hemispherical or subconical projection which, at its apex 
especially, is made up of a transparent mass of cells not yet organ- 
ized into tissues. This mass grows owing to the rapid multiplication 
of the cells, lengthens, sends forth other similar projections having a 
like homogencons structure; from this come leaves. As the branch 
develops, the cells, which at first were identical, assume different 
characters, till at last they lose all resemblance to one another. The 
same thing takes place in man, His arm is at first simply a little bud- 
ding prominence on one side of the embryo, consisting of simple cells 
without any signs of arrangement. Soon there appear vessels, and 
later the cartilaginous parts from which are produced the bones, the 
gelatin-like bands which afterward are transformed into muscles, ete. 
In the individual we see the first phase of existence characterized by a 
state of homogeneity wherein nothing is distinct, and we follow step 
by step the gradations of its transition to a greater complexity, and to 
states characterized by increasing distinction of parts, as their dissim- 
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ilarity becomce greater. sAnd what is true of the individual animal 
or plant is equally true of the whole organic world, Baer’s law would 
lead us to snppose that the organic world has developed like the indi- 
vidual; that, starting from homogeneity, it has resulted in heteroge- 
neity. In the early stages of their existenee, all organisms are alike in 
most of their characters; somewhat later their structure resembles 
that found at the corresponding period in a smaller group; at each 
subsequent stage the organism acquires traits which distinguish the 
developing embryo from one after another of the groups which before 
it resembled; till finally the class of organisms which it resembles 
includes only the species to which the embryo belongs. Thus, in the 
process of differentiation, the embryo first acquires those characters 
which determine the swb-kingdom to which it belongs, then the elass, 
then the genus, finally the species. In the series of organisms we 
should thus find a succession of states like those which constitute the 
history of the individnal, with this difference, that in the individual 
we can make out the link which connects the primitive homogeneity 
with the final heterogeneity, while in the series of organisms all we 
can do is to connect, with a considerable degree of probability, the 
hypothetical starting-point with the positive goal. 

Side by side with heterogeneity and distinction of parts in the 
structure, we have a correlative result of this same segregative 
operation, viz., differentiation, which teuds to produee heterogeneity 
and distinction of functions. The expenditure of the foree that is 
stored up in the shape of materials takes place through the parts of 
the organism, however little heterogeneous these may be supposed to 
be, and this force is in fact for the parts an incident force which, by 
the law of the multiplication of effects, must break up in the process 
of differentiation, when applied to heterogeneous parts. The funetions 
are simply the variously-modified forms assumed by the forces disen- 
gaged by the organism as they traverse specialized parts; and, the 
more diversified the organs, the more diversified are the functions 
they manifest. Of these some may be denominated static, inasmuch 
as they serve only to withstand external forces by equilibrating them ; 
such, for example, are the functions of the woody axis in plants and 
of the skeleton in the vertebrata; others may be ealled dynamic, as 
producing motion and giving it direction; such, for example, are the 
functions of the circulatory apparatus and its belongings in both king- 
doms of the organic world, and of the muscular apparatus in animals, 

Like structure, function obeys the law of evolution; it proceeds 
from the homogencous, the undefined, the incoherent, to the hetero- 
geneous, the definite, the coherent. Like structure, function proceeds 
from the simple to the composite, from the general to the special. 
An important corollary results from this law—one that settles the dis- 
pute which has so long divided physiologists upon the question as to 
which precedes the other, funetion or structure. If the starting-point 
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be homogeneity, and if the transition from a structureless to a struct- 
ural state is a phenomenon of vital action, then vital action precedes 
structure. Life is a system of internal actions adapted to equilibrate 
external actions; actions are the substance of life, its form comes 
from strueture. Hence action must of necessity precede the fixation 
of the structure, which produces the adaptation and gives definite 
form to the function. From first to last, function is the determining 
cause of structure. But in justice to those who maintain the prece- 
dence of structure, it must be added that function, which, as we hold, 
is anterior to structure, nevertheless, regarded as an activity modified 
and different from what it was, assumes its differential, distinguishing 
characters only in proportion as the adaptation becomes perfect, and 
as equilibrium is established betwéen that portion of internal reaction 
which it represents and the external action which it withstands. 

At first there are only two functions, corresponding to the struct- 
ural distinctions of endoderm and ectoderm, viz., the functions of 
accumulation and of expenditure of force. In proportion as each of 
the apparatus and each of the corresponding functions become differ- 
entiated and subdivided into specialized parts, a third function appears 
and takes root; at first this is a very simple affair, and it employs 
an ill-developed apparatus, but gradually it becomes more complex, 
and ultimately, in the higher animals, is divided into very definitely 
specialized parts. This is the circulatory apparatus, which performs 
those operations whereby materials containing latent force are dis- 
tributed throughout the organism. 

But differentiation is not the only change produced in the organism. 
The functions, as they multiply and are better defined, combine, 
become dependent on each other, ave integrated. Labor is divided, as 
they say in political economy, but it is also centralized, and codrdi- 
uated. Alongside of division of labor we have coéperation: an organ 
does not work for itself alone ; it has a special function, but this fune- 
tion serves to facilitate, or even to render possible, the special function 
of some other organ, 

As the formation of an organ depends on the function, so the 
growth of an organ depends on the growth of the function, and when 
once produced it is maintained only when the increase of function 
persists. And not only its growth, but also its development (includ- 
ing the differentiation of structure which accompanies it), depends on 
the development of the function, or, in other words, on the ditferentia- 
tion of the reactions of the organism to the forces of the environment. 

We shall all the better understand the mechanism of the adapta- 
tion and of the modifications produced in one another by function and 
structure, if we consider what must of necessity occur when an aug- 
mentation of function in an organ answers to an augmentation of the 
demand for work made by the external conditions. Jn virtue of the 
law of universal rhythm, the result of excess of function is excess of 
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wear, and conseqnent relative impotence of the organ. Thus excess 
of function in the organ A cannot go on foreyer unless the losses are 
constantly made good, the wear compensated, its power renovated ; 
and this cannot be without an augmentation of function in one or 
more organs, B, C, D, ete., on the activity of which its own activity 
depends. The increase of function in these organs once established by 
a definite structure, the organ A not only can preserve its increase of 
structure and function, but it has now a firmer basis for growing still 
more, for producing another excess of funetion, and for going farther 
in the same direction than otherwise it could have gone. But adap- 
tive modifications have a limit, and it is always near at hand, though 
it slowly retreats from generation to generation. This we learn from 
the mechanism of adaptation, As the function of an organ cannot be 
permanently inereased save on condition that the functions of those 
organs on the action of which it depends have gained a permanent 
increment, and as they in turn are conditioned on a permanent inere- 
ment in the functions of other organs, it is plain that there is needed 
nothing short of a reconstruction of the whole organism npon a plan 
which shall insure normal provision for the organ that is subject to an 
excess of function, and in whieh this exeess of function shall be in fact 
anormal process. If equilibrium be disturbed at one point, it is reés- 
tablished only by propagating its own disturbance to all the internal 
equilibria; and, in order that it may itself endure, it must not be dis- 
turbed by a perturbation of reaction from within; the internal equi- 
libria must be restored at the expense of the forces developed by the 
nutrition, and must be fixed by modifications of structure. 

So long as this rearrangement of the internal equilibria remains 
unconsolidated by a reconstruction of the general structure, so long 
will the eqnilibrinm produced by the adaptive modification, at the 
point affected by the initial disturbance, remain instable. And if, 
now, the disturbing conditions from without cease to exist, then the 
new structure, no longer sustained, so to speak, by an excess of tem- 
porary function, and receiving from the auxiliary organs, which are 
not yet adapted to this service, no permanent excess of function, can 
only furnish the same amount of action which it furnished originally. 
Little by little the imperfectly modified parts return to their original 
functions, and the whole scheme of adaptation comes to nanght. 
Thus we see that, in virtue of the general laws set forth in the “ First 
Principles,’ an adaptive change must quickly find a term beyond 
which it cannot progress save slowly—a fact which explains the ap- 
parent fixity of species, or the inconsiderableness of such deviations 
from a type as can occur during the periods over which our obser- 
vations extend. It is plain that a modifying cause, the action of 
which persists only for a short time, cau produce only a transient 
modification; that the complexity of the internal equilibria and their 
reciprocal dependence constitute the one great obstacle to the per- 
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manent ehange of structures and fonctions; that a disturbing influ- 
ence, even thongh it were to extend to many generations, can only 
modify a race superficially ; and, finally, that, the instant that this 
cause ceases to be, the race resumes, slowly but surely, its original 
characters. 

In fact, the environment is ever changing, and in the enormous cycles 
of changes in the conditions surrounding organic life upon the earth 
the same conditions have never occurred a second time. Organisms 
must follow this movement of variation ; they must be ever undergoing 
a process of adaptation, in order to be in equilibrium with the altered 
conditions around them. In this necessity for adaptation we recog- 
nize a consequence of our first principles. The state of homogeneity 
must give way to a state of heterogeneity: a species must be ever 
evrowing more and more varied in its forms; old species must be ever 
breaking up into new. If at one time a species consisted of indi- 
viduals alike in all respeets, the action of the varions forces of the 
environment would soon put an end to this uniformity ; at the same 
time, however, leaving tokens of relationship. But let us go fnrther, 
and suppose the conditions to be still more profonndly altered, owing, 
for instance, to a climatic perturbation of the habitat, or to an emi- 
gration of the species into other habitats; in that case there will be 
different sets of conditions, and the groups of individuals will resem- 
ble one another, or be unlike, according to the likeness or unlikeness 
of the conditions. The connection between changes in the conditions, 
changes in function, and changes in structure, is a consequence of the 
persistence of force. 

The law of heredity, whieh is antagonistic to the law of variation, 
may also be traced back to our first principles. This law represents 
the clement of fixity in the domain of life. .All the organisms of a 
given type are descended from organisms of the same type. If we 
consider heredity in a snecession of organisms, it appears to be inex- 
pheable. Many still deny the existence of heredity, and explain the 
resemblance of the child to its parentage by a special intervention of 
the creative power of Nature. But, if we compare the heredity of 
the individual with certain phenomena occurring in the individual, 
for example, the repair of tissues, the reproduction of worn-out or 
lost parts—a process which in some animals goes so far as to repro- 
duce highly-complex organs or groups of organs (for instance, in liz- 
ards, the reproduction of feet and tail; the reconstruction of the 
fresh-water hydra; the restoration of the plant Begonia phyllomani- 
aed from a fragment of its leaf)—we shall perceive that there exists a 
tendency to reproduce like products, and that the two orders of phe- 
nomena are related. We must suppose them both to be due to the 
tendency of the physiological units of an organism to arrange them- 
selves in the form proper to that organism. But we need not reeog- 
nize in this tendency any such mystic entity as an Archwus or a vital 


MODERN PHILOSOPHICAL BIOLOGY. 721 


principle, Sound philosophy should diseredit all such fanciful ideas. 
The tendency merely signifies that these polarities, being complexes 
of the physiological units, can tind equilibrium only in the form of the 
adult organism to which they belong. To this equilibrium they tend, 
not only by an internal impulsion, but also under the combined action 
of external forees: the latter represent the foree which arranges the 
units in a new order, and the former the direction in which this 
force ix exerted. Now, the cells which go to reproduce an organ- 
ism are ina state of unstable equilibrium and of minimum heteroge- 
neity: but they ure not indifferent substances; they are the vehicles 
of physiological units derived from the parents, and they follow only 
the tendency impressed upon them by their polarities. The same is 
to be said of the elements of the plasma from which a tissue or an 
organ is repredneed. Thus we see that the resemblance of an organ- 
ism to the organisms from which it is sprung is the result of the ten- 
deneies proper to the physiologieal units which have come from the 
parents, 

In the fecundated germ there are two groups of plirysiological 
units, presenting in their structures slight differences, so that by their 
fundamental resemblance they conspire to form an organism of the 
species to which the parents beloug, and hy their differences they 
give to this organism traits peculiar to each of the two parents. In this 
way, Slaultancously with transmission of generie and specifie char- 
acters, we have transmission of those which are peculiar to the indi- 
vidnal, Further, we see that characters due to variations called acci- 
dental or spontaneous, because we are unable to assign their true 
cause, must also be transmitted as a tendency of the physiological! 
units, provided this character has gained in the individual sueh a de- 
gree of stability as henceforth to tind its place in that individual’s 
state of equilibriam, The action of the surrounding conditions will 
determine whether the tendency of the physiological units is to be 
realized or frustrated. The tendency of the physiologieal units ex- 
presses an internal equilibrium, and hence heredity is a consequence 
of our first principles. 

One character of living things is the faculty of reprodneing them- 
selves, i. ¢., of emitting parts of themselves which develop into perfect 
individuals, This property, in all respects analogous to that which re- 
produces tissues, differs from the latter only as regards the production 
of new individuals, or only parts of the same individual, There is an 
analogy between the operation of generation and that of repair, but 
there is also a difference. In repair the new products are aggregated 
around the same axis as the old, whereas in generation the new 
product soon becomes itself the axis around whieh the increments 
of nutrition group themselves. In reality, the contrasts are in excess 
of the analogies; generation is at bottom an operation of disintegra- 
tion. This is very well seen in those low organisms which produce 
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new generations by fission, and abdicate their individuality in favor 
of a greater or Jess number of new individualities. It is also to be 
seen in those organisms on whose surface a new organism is formed 
by the process of budding. Pere the disintegration is perfect, or 
nearly so, but in the higher organisms the disintegration affects only 
un insignificant portion of the parent. 

Why this special disintegration? Biology can give no auswer, 
unless we suppose that the genesis of individuals belongs as a genus to 
a class of facts including all the phenomena of general disintegration 
which attend growth, and which mark the gradual decline of the or- 
ganism., This supposition finds its warrant in the fact that, as a 
general rule, reproduction does not take place until growth and struct- 
ural development approach their term, when the molecular forces of 
the physiological units find themselves in equilibrium with the forces 
of the organism as a whole, and with the forces from without. Disin- 
tegration would now set in, or, to speak more exactly, disintegration 
would now begin to show an excess over integration, for, ever since 
the earliest vital phenomenon, disintegration has constantly accom- 
panied integration. Among the various modes in which the decline 
of the organism is gradually brought about, there is one which re- 
sembles all the others, inasmuch as it constitutes a loss to the indi- 
vidual, but which differs from them in that it gives rise to new organ- 
isms, In a large number of cases among individuals of the lower 
orders of organisms, units combined in a certain group, and carrying 
away with them, as we haye seen, their own proper tendency to find 
the equilibrium of their forces in arrangements similar to those in 
which they were originally integrated, become detached, and form 
the centre of a new integration, But in a very large number of or- 
ganisms, and in all higher organisms of both the organic kingdoms, 
reproduction takes place by the mixture of two products, the one 
germinal, the other spermatic, coming from slightly different physio- 
logical units. In virtue of a property found in the simplest organic 
elements, and still more markedly present in the complex organic ele- 
ments of living things, the mixture of substances which differ little 
from one another gives rise to products that are less stable than their 
constituent elements. Accordingly, the result of this mixture, name- 
ly, the fecundated germ, is farther from the state of equilibrium than 
were the units emitted by each of the parents, in the shape of germi- 
nal and spermatic eclls. The faint tendency which existed in each 
of these groups to produce evolutional phenomena is intensified with 
the instability of the mixture. From this we may infer, if not the 
impossibility, at least the difficulty of an agamic genesis, and the 
necessity of a genesis by coucurrence of different sexes. This con- 
clusion, derived from the law of equilibrium, which itself flows from 
the law of persistence of force, seems to be hardly in agreement with 
facts, since nnquestionably there exists such a thing as agamic gene- 
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sis, But agamo-genesis is not habitual in organisms of very simple 
structure, which exhibit the first steps in evolution, and in which 
the absence of highly-specialized tissues shows that integration still 
possesses its full intensity, and is far removed from equilibrium. Be- 
sides, those more complex organisms which exhibit the phenomenon 
of agamo-genesis, from time to time reproduce by way of gamo-gene- 
sis. After a series of agamic generations, the units of the organism 
will find themselves in an attitude approaching that of mutnal equi- 
librium. The groups of units emitted as germs will no longer be able 
to assume arrangements which shall give them the form proper to 
their species, and agamo-genesis will be impossible, or very difficult. 
The series would come te an end did not sexual generation intervene 
periodically, restoring a state of instability, which gives back to the 
organism the power of evolution. Another conclusion, which at first 
sight appears to contradict the facts, is this, that an organism needs, 
in order to reproduction, the concurrence of another organism differ- 
ing slightly from it. This is true of the higher organisms; but lower 
down in the animal seale, and in most phanecrogamons plants, her- 
maphrodism is apparently the rule, But, not to speak of the fact that 
most frequently fecundation takes place in monecious organisms by 
the intervention of another individual, so that such authors as Huxley 
and Darwin regard this intervention as the law of reproduction, the 
hypothesis which we maintain affords an explanation of hermaphro- 
dism in those exceptional cases where it appears to exist beyond 
question, On the same principles which account for the variable re- 
sults of the union of near kindred, we can understand how, in the 
ease of hermaphrodites, there may exist simultaneously groups of 
physiological units coming from each parent, keeping their proper 
tendencies, which find only partial equilibrium, permitting one or 
other side to be in excess, and there undergoing the operation of seg- 
regation, which produces groups so differentiated that fruitful germs 
result from their mixture. 

Considered in the light of this hypothesis, generation appears as a 
fact of disaggregation, occurring in an organism in process of equili- 
bration: as a fact of disaggregation, which ever renews the evolution 
of the species, and which retards its equilibrium by multiplying the 
conditions under which the species may, under the influence of the 
incident forces of the environment, undergo a more perfect clabora- 
tion, the result of which shall be a better adaptation of the organism 
to its surroundings. Generation is in fact antagonistic to equilibrium, 
but this antagonism is only temporary, and canses the organic evolu- 
tion to obey the law of universal rhythm. 
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THE CHARACTER OF MODERN KNOWLEDGE: 
By J. L. W. THUDICHUM, M. D. 


Sess science of the present age is distinguishable from the learning 

of past ages by many important features. By these it has in- 
deed somewhat altered the sense originally attributable to its name, 
and science has become a word of greater precision, and therefore of a 
less broad significance than what may be termed mere knowledge. 
This is so little understood, that when lately a great statesman and 
orator met some of his constituents in a southeastern suburb of this 
metropolis, he informed them, among other things, that science was 
merely another term for knowledge. Even if it had been so origin- 
ally, and the Latin word seéentia had been merely the equivalent of 
the Saxon word knowledge, it would have to be admitted that the re- 
lations have changed by one of those conventions which are silent and 
convenient. We hold that the systemic enunciation of mere knowl- 
edge is doctrine; that science is a kind of knowledge, but that not 
all knowledge is science. Science is that kind of knosvledge the cor- 
rectness and truth of which can be proved by evidence convincing to 
all healthy understandings. Science is a series of potentialized axioms, 
which when once mastered are as evident as the simple axioms in 
mathematics, which are said to be so self-evident as to require no 
proof, By this definition a very large amount of human knowledge 
or doctrine is at once excluded from the domain of science. The 
learning of past ages was mainly imitative, little observant of new 
phenomena. Those ages had too much work on hand, first in the de- 
velopment of their languages, in which they used imitations countless 
in number, next in the shape of securing the conditions of social life in 
the form of communities and states. But even where these may be 
said to have been secured, e. g., at the height of power of the Roman 
Empire, science was not developed, and it may be said that this ab- 
sence of scientific treatment of the common problems of life has been 
one of the principal causes of the downfall of that, and of many other 
states. Famines, epidemics, among men and cattle, and wars, are 
made possible or necessary only by the absence or faulty application 
of the principles taught by science. Science, by teaching that, and 
how, these evils are to be avoided, has a field in this generation, of 
which the past had not even a distant conception. Imitative learning 
shows itself mainly as art, buildings, sculptures, paintings; all the 
mass of temples and gods which fill the world’s history and imagina- 
tion are of this kind. There is no science about a Greek or Egyptian 
temple, simply because there is no value in it; it does not satisfy, to 
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our present mode of thinking, one single demand of the understanding. 
There is no science about our present homes, or how could they get 
filled with sewer-gas, be devoil of arrangements for ventilation, and 
have square chimuecys. Architecture, so called, is not a science, but 
an imitative art, beautiful but blundering. Manufactures have, too 
often, been carried on with great disregard of science, with the result 
that either empiricism was, for the time, successful enough, or that 
the manufacture went siunply ent of existenee. Tt is the same with 
commerce. These arts have worked by tradition, by prescription, by 
precedent. They all wait for an infusion of the scientific method, the 
method of principle based upon natural laws immutable and inde- 
structible. While not often scientific themselves, these branches of 
human knowledge, administering all the time, for a consideration of 
gain to he paid by the recipient, to important human wants, have yet 
indirectly advanced science by either finding and bringing, or by pro- 
ducing some of its materials. 

Antiquity, then, possessed no science, except alone the results of 
meditation, which have been termed metaphysics, and which, if al- 
lowed to include ethics and logic, have no doubt attained in the treat- 
ment of philosophers a high degree of development. The econtempla- 
tion of Nature, however, in its inorganic and organized shape, and of 
the causes determining all motion and development, was not greatly 
developed. The power of distinction, the mother of all knowledge, 
was not applied to all things, and consequently they termed a process 
such as fire an element, and allowed some all-pervading material to 
exist under the name of the quintessence. Bodies fell to the ground 
beeause they possessed weight; but that the filling was a reciprocal 
action between the earth and the body falling upon it escaped their 
observation, and was only found by science. 

Mere observation is not science, but only the beginuing of science. 
When a person, sitting in the railway-train, beholds the traveling 
shadow, he makes an observation. He begins a scientific inquiry, 
when he asks whether the shadow travels as quickly as the train, so as 
to be in a line falling from the sun past the train or whether the 
shadow is not a little later. If once the question has arisen, it Is im- 
material where it is solved, whether upon the railway-train, or the 
satellites of Jupiter—the question must lead to the idea that light re- 
quires time for traveling; exact science determines this time by meas- 
uring space. Seience began its development with the elneidation of 
eelestial phenomena, and beeame astronomy, or the doctrine of the 
laws according to which heavenly bodies move. Copernicus is from 
this point of view the father, the creator of science. Kepler, Galileo, 
and Newton, reduced the observations of these phenomena to expres- 
sicns of regularity which we call laws. The method onee found was 
applied to other branches of knowledge; then arose the physiology 
of the animal and vegetable world, based upon anatomy as a scicnee. 
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Harvey made physiology a science, and so on in all branches of 
knowledge. 

Now, let us see what was the method by which these results were 
obtained. Meditation had of course the inciting share, but furnished 
no materials. Observation accumulated the materials of which reflec- 
tion might weave a tissue, the test was experiment. If from a knowl- 
edge of conditions a result can be predicted, then there is certainty. 
Such certainty is science; it consists of observation, meditation, 
knowledge of conditions, knowledge of their results, and therefore of 
the connection between results and causes; these being regular, im- 
mutable, within the time accessible to our perceptions, and coereing 
everything under their sway, are called natural laws. 

OF science, it is allowed that no part comes out of the human brain 
alone, not even the ideas of God and Immortality, which Kant claimed 
as innate ideas, while allowing all others to be the result of observa- 
tion and reflection. The celebrated joke, that, if an Englishman and a 
German were asked to produce a eamcel each, the Teuton would evolve 
one ont of his inner consciousness while the Briton would produce a 
camel] of flesh and bone, is a good satire upon innate ideas. Science did 
not progress until it rejected all innate ideas or phantasies, and applied 
itself deeply to its proper methods, to observation, to meditation on 
the correlation of forces, and to experiment. Work, work, and again 
work, were the three main features of its suecess. The search for the 
philosopher’s stone, for the medicine that should make young, healthy, 
happy, and rich, was also work, enormous in amount and extension, 
but it was not based upon observation. It left results which science 
gathered, the main result being that we cunnot prolong our lives for- 
ward, but we can, as Kopp has beantifully said, prolong them back- 
ward indefinitely, and see the changes of enormous spaces of time pass 
before onr admiring eyes and minds. 

There are three kinds of history, that of our planetary system in 
the theory of Laplace, that of our earth in geology, that of living 
things in the theory of Darwin. No serious person doubts now that 
the teachings of geology deserve the title of an exact science, and that 
compared to its coercing character upon the mind of man the convic- 
tions derived from written history are feeble in the extreme, and all 
contradictory writings, however old, mere nullities. The youngest of 
the sciences or branch of seience is chemistry, founded by Lavoisier 
and Dalton; developed by thousands of clear heads and nimble hands, 
it has in half a century become a reeognized power in the affairs of 
man. It has materially improved his estate, and enlarged his mind to 
conceptions of an elevating nature; it has become a ready test of his 
reasoning and working power, Jt has become the handmaid of almost 
all the elder sisters of astronomy, teaching the composition of distant 
stars; of geology, teaching the composition and changes of strata and 
minerals; of physiology, vegetable and animal, teaching about food, 
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nutrition, growth, changes, death, and decay; of the healing an, 
teaching the nature of evils in the shape of discase, and the ineans of 
curing or mitigating them. This science, too, was developed hy work, 
work, work—physical and mental; its ways were often rugged; its 
endeavors misapprehended, opposed, suppressed. And the great men 
whose names are inseribed upon the roll of its principal promotors will 
be considered by posterity as benefactors akin to Hereules, removing 
evils, establishing the good and true. If we cannot now inscribe their 
names and likenesses among the stars, and transfer them to an Olym- 
pian abode, yet we can honor them by admiring their works and les- 
sous, by sharing and continuing their work, by, as it were, living 
their lives with them over again, and thus prolong their memory for- 
ward while we prolong our own in the inverse direction. We ought 
to honor them out of gratitude no less than out of the desire to benefit 
continuously man’s estate. Sneh feelings have been instrumental in 
the cases of those who described the greatness of your Davy, of your 
Faraday. Such feelings shall now be the guiding principle in the con- 
sideration of the life, works, and philosophy of Justus Lichig. But I 
must beg you to understand that I shall proceed by a severe process, 
that of analysis, for nothing less than the results of analysis of work 
done ean establish as proved what many feel as a sentiment. You 
will understand both the censure and the acclamation of what we will 
call the world; you will see the necessity for a reform in the philoso- 
phy of many of us; you will see how the life and labor of one man have 
produced vast applications and industries, improved or created a large 
commerce, and enhanced or engendered art; how they have soothed 
the pain and anguish of hundreds of thousands under the most severe 
trials of human organization, and how they have left a growing har- 
vest in the hearts and minds of men all over the world. 


—e 


THE RELATIONS OF SEX TO CRIME. 
By ELY VAN DE WARKER, M.D. 


EXUAL cerebration may here and there be seen coming to the 
surface, amid the complex array of circumstance and causes 
which affects woman’s criminal career, If I am correct in the use of 
the term, and it surely has the merit of expressing the idea designed 
to be conveyed by it, we may perceive two forms of sexual mental 
action, one normal and the other abnormal. Its action in the norma] 
phase may be seen in favoring or obstructing her career in crime, in 
relation to particular offenses ; while its abnormal manifestations may 
be perceived in certain crimes, existing asa direct outcome of its pres- 
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ence. It must be observed that sexual cerebration in its relation to 
crime is not confined in its operation to the female sex. Its influence 
on men may be observed in many of the crimes in which they exceed 
their usual ratio of excess over women, Man’s tendency to belligerency 
evidently accounts in a measure for his great excess in the erimes of 
murder and assassination, Attempts have been made to explain this 
hy the frequency of drunkenness, and the street brawls which it leads 
to among men; but, when we take into consideration the fact that the 
ratio of the sexes for drunkenness in England is, 1 woman to 1.49 
men (Quetelet), we perceive that this cause can but act to a very lim- 
ited extent. The sexual mental tendency of man to the wager of 
battle, his physical strength, the almost unlimited opportunities af- 
forded by the greater range of his aetivities, enable man to exceed 
his usnal ratio of excess over woman in these two erimes. Crimes 
against property, such as robbery from the person or highway reb- 
bery, also offer evidence of the innate cerebral traits of the male, In 
this offense nan stands almost alone. It requires for its suecessful 
perpetration bravery and daring. These are qualities belonging pe- 
culiarly to men. In view of the intensity of feeling which attends all 
discussion of matters in which women are concerned, either socially 
or sexually, I think it better to qnality the last sentence, by calling 
the attention of the reader to the very proper distinction between 
moral and physical courage. The first exists as the result of intel- 
lectual qualities, education, and moral training; the last is purely a 
phase of sexual cerebration, Some of the most beautiful examples 
of moral courage are constantly offered by women. It is the posses- 
sion of physical courage which is requisite to the commission of the 
crime alluded to, and not its higher prototype, moral courage. This 
form of sexual cerebration in the male is the coefficient of belliger- 
eney in the perpetration of many crimes, and united to physical 
strength is, aside from opportunity, capable of explaining many of 
the circumstances attending man’s excess over woman as a criminal, 
The action of sexual cerebration in its normal expression, as affect- 
ing the relation of men to crime, has been traced far enough to de- 
monstrate its important influence. Its operation in men is more easily 
detected than in women. Man’s carecr as a criminal is attended by 
fewer complicating conditions. By the broader field of his activities, 
he is directly exposed to criminal influences, while woman is hedged 
in by the circumstances of her position. She lives in an atmosphere 
of restraining influences, each one of which tends to obscure the effect 
of the subtile yet potent sexual mental traits whieh characterize her as 
awoman, The extent to which woman conforms to a common mental 
type may be more surely measured by contrasting her as a criminal 
with man in his relation to crime, than by studying her alone in her 
usual social relations, Crime reveals to us some of the primeval ten- 
aencies of society. By erime, notwithstanding all the varied results 
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of civilizatton—a scion, as it were, grafted upon ihe parent truuk— 
humanity is wedded to its original savagism, Certain sociologists of 
the religions school teach that crime is the outcome of civilization, 
that it increases or decreases in proportion to the extent and quality 
of religions teaching ; but an examination of the eriminal returns of 
various peoples shows that crime exists at nearly a fixed ratio without 
regard to religion, be it what it may. Some forms of crime are, be- 
yond doubt, inereased by the artificial needs of society in its civilized 
form, infanticide and abortion, for example; yet even these crimes 
prevail universally among the magt primitive races. Civilization 
has not modified the crime, it has simply changed the motive. With 
the tendency to crime existing at the ultimate fibres of man’s psyehi- 
cal life, the expression of sexual cerebration in the criminal conduct 
of women assumes a naturalism called forth by no other social rela- 
tion. As I have separately examined the matter of sexual mental 
types in a former article, all that is necessary here is, to apply the 
conclusions there reached to woman’s tendency to crime. 

The crime of poisoning, with its remarkable ratio, has been used a 
few pages back to illustrate the influence of the physical factor. It 
was called the weapon of weakness. This weakness is twofold, physi- 
cal and mental. Women possess moral courage, but not physical. 
Timidity, a shrinking from bodily danger, a fear of combat, each an 
analogue of the other, appear as mental traits in the average woman, 
Here is an offense gauged to woman’s mental and physical aptitudes. 
By means of poison, a fatal blow may be given by the weakest arm 
without the fear of combat, or of physical hurt. To a mind with crim- 
inal tendencies, hampered by the reflex consciousness of weakness, the 
security, the secrecy, are charming. The result is that, as a poisoner, 
woman nearly equals man, This equality among the lists of crime no- 
where else appears except in offenses against the currency, a crime also 
remarkable for its secrecy, and freedom trom personal encounter dur- 
ing its perpetration. If a further extension of the statistics of crime 
against the eurrency confirms the ratio of the sexes deducible from 
Mr. Neison’s tables, it will amount to nearly a demonstration of the 
fact here shadowed forth, that woman tends to equal manas a criminal 
in those crimes which require neither physical courage nor strength 
as conditions of their perpetration. The crime of vagrancy is the only 
exception that offers itself, and which loses its force as an exception 
under the law of criminal analogies. From the crime of poisoning, 
the climax of the criminal tendency, downward through the lighter 
shades of offense, this phase of sexual cerebration may be detected. If 
it were possible to give to woman the physical strength of man with 
this mental trait existing in its present force as a sexual characteris- 
tic, I doubt if it would alter essentially the known ratio of the sexes 
for murder and the wounding of strangers—9 to 100, I venture this 
prediction merely for the purpose of illustrating the potency of this 
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mental factor touching woman’s criminal relations, In robbery from 
the person, although the enormous disproportion in the ratio is ina 
measure explained by differences in physical strength, yet there 
remains much of this execss of men to be explained by other means, 
That which remains te be explained by means other than that of sex- 
ual differences of physical strength may be stated in this way: The 
ratio of the strength of the two sexes being fixed at 16 to 26, and the 
ratio fur crimes in gencral against property being 26 to 100, we never- 
theless find that for the crime mentioned the ratio is reduced to 8 in 
100, Here is a difference in ratio between two classes of the same 
division of crime of 18 to 100, Evidently, it is too largely in excess 
of the ratio of strength of the sexes, to be entirely accounted for by 
that alone. Tus phase of sexual cerebration, together with woman’s 
social conditions, is competent to explain the differences remaining 
unaccounted for, The crime of self-murder also brings out quite dis- 
tinetly the action of this mental trait in women, An examination of 
the methods of self-destruction reveals sexual peculiarities. Men prefer 
eutting instruments and fire-arms, while women select poison, and hang- 
ing and drowning (Quetelet), A collection of nearly five thousand 
cases of suicide, by M. Brierre de Boismont,' reveals the facet that 
hanging occurs more frequently among women than men, by a large 
percentage. It will be noticed that women select those modes of sui- 
cidal death which take the matter out of their own hands. They offer 
a surety for their fainting spirits by closing the avenue of escape be- 
hind them. However painful may be the death they seek, after the 
fatal dranght, the fall, or the plunge, all voluntary power of escape is 
beyond their reach. Is it not from the consciousness that lack of 
physical courage, or timidity, would involuntarily cause them to escape 
from the pangs of death, that they select a method of destruction 
which after the painless first step renders such a return impossible ? 
Cortes, who knew the temper of his men, burned his ships upon the 
shore; and in the same way women assure themselves of the impossi- 
bility of return ere they attempt suicide. 

The influence of the excess of the emotional life in women over 
men, upon their criminal career, is not so marked as that of the psy- 
chical traits just considered. I stated in a former chapter that there 
was evidence which rendered it probable that those emotions or pas- 
sions which serve as the incentives to crime approached in intensity 
the same mental conditions in man, In that portion of these contri- 
butions devoted to “Sexnal Cerebration,’ emphasis was given to the 
fact that the emotional life of woman exceeded that of man. At this 
point in the study we can give this practical significance. The emo- 
tions offer vulnerable places in woman’s moral armor. These menial 
sexual attributes which give such grace and beanty to woman’s char- 
acter cannot exist except at the expense of rigidity and sternness of 
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mind, Through all Nature may be found analogies which give prob- 
ability to this, Nature, in her forms of fixity and power, is massive 
and rugged in her outlines; it is only in her phases of changing, 
transient life, that she assumes lines of beauty, delicacy of shape, and 
elothes her proportions in the subtile harmonies of color. I do not 
deny woman firmness of character; but surely, whatever jirmness she 
possesses, it is not by reason of her emotions that it exists. Nor do I 
wish to be understood as saying that any excess of emotion woman 
may possess over man is necessarily the cause of inherent weakness of 
character; but, the idea I intend to convey is, that excessive develop- 
ment of the emotions affords a way of approach to the firmer charac- 
teristics of her mind of those exciting causes of crime, which, without 
these avenues, must act with less force as criminal factors, The evi- 
dence of this lies in the tendency of woman to exceed in a marked 
manner ber ratio to crimes in general against the person when ex- 
posed to the action of causes which act more or less directly upon her 
emotional life. Women perpetrate crimes, involving human life, more 
frequently within the circle of their domestic relations than men (Que- 
telet). In view of this fact, let us inquire as to the probable motives 
which cause women to exceed men in crimes against persons within 
this restricted area, If we were to explain it as the result simply of 
the great opportunity women have of perpetrating crime in the family, 
it leads to the conclusion that women’s criminal tendencies exceed 
those of men under favorable opportunities, and which men in the 
same relation possess to an equal extent. This we know is a wrong 
conclusion ; therefore, while we must allow the great facilities afforded 
to women a certain value as a factor in this excess, yet it is not ade- 
quate to explain the fact. It is in the family that woman finds a field 
for the free action ot her emotional life. It is as an outcome from these 
emotions that the family exists; it is through these emotions that the 
most deadly wounds may be inflicted upon her morality and_ self- 
respect. In the majority of cases, if through her error, or that 
of others, the family is a failure, the woman of the family is a failure 
also. In this can be found the strongest argument for encouraging 
woman to become expert in some form of labor, so as to enlarge the 
field of her self-dependence, that she may be able to secure safety for 
herself in the trying hour of domestic misfortune. While the family is 
called into existence by reason of the most potent sexual mental traits, 
and finds its strength and permanency in a temperate use and even 
balance of the emotions, it may become the source of the most active 
criminal impulses, Conjugal incontinence, jealousy, a misplaced love, 
may create the most deadly strife in the family circle. Especially is 
this true if the criminal tendency exists latent, as an inherited taint, 
in the members of the family, and ready to be kindled into life by 
emotions which, in others, free from inherited vice, would not pass 
beyond the control of the moral facultics. Man, whose activities are 
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less confined within the area of domestic life, is more able than woman 
to resist the action of the emotions. Another cause, which compara- 
tively releases man from the criminal tendencies which grow out of a 
vioktted emotional life, is the weaker hold these emotions have upon 
his conscious life. These are my reasons for concluding that this ex- 
cess over nen, as & criminal against persons, within these limits, is the 
result of the more active development of the emotions in women. 
Considering that, in the purely sexual relations of men and women, 
the male is the active and the female the passive one, the ratio between 
the sexes for the crime of adultery offers additional confirmation of 
the foregoing. I*or this purpose I shall select the statistics of M. de 
Marsangy, than whom none can be selected more favorably disposed 
to women. This author places the ratio for men at 528, and women at 
472 to 1,000. As these were cases which came under the notice of 
the public proscentor, it is reasonable to suppose that the circum- 
stances attending them were in both sexes of a flagrant character, so 
that possibly the usual attitude of the sexes toward each other in this 
offense was reversed, These ratios render the assumption sate that 
it is in crimes which grow out of the acute and excessive emotional 
life of women that they tend to equal men as criminals. If it were 
any tendency to crime, growing out of sexual mental traits possessed 
more equally in common than the emotions, which causes the tendency 
to equality above referred to, it would be reasonable to expect to find 
the sexes occasionally approaching a common ratio in crimes against 
property, and which could be traced to the same mental traits, But 
a careful survey of the field shows this not to be so, Woman’s deli- 
cacy and keenness of emotional life, when their undue exercise or 
unbalanced proportions seek expression in the criminal net, lead to 
crimes against persons, not against property. Even incendiarism, so 
commonly practised by men from motives of revenge, is but seldom 
attempted by women. The enmities of women are never general. 
They are roused by particular persons and special acts; hence their 
revenge takes an individual direction, not against the property, but 
against the person of the enemy. The wounding of parents, and 
purricide, exceeding by so large a ratio all other acts of violence 
against the person, I believe can be explained in uo other way. Ad- 
mitting, as I have already done, that the great opportunity afforded of 
making attempts upon the persons of parents has some value as a fac- 
tor, yet we must bear in mind that, from the nature of their domestic 
hfe, women have opportunities equally as great of inflicting injury 
upon others. It follows that opportunity as it affects parents must be 
given exceplional value, in order to account for their beg the objects 
of criminal attempts on the part of daughters, over that cf other 
persons holding a domestic relation, The ratio of crimes against par- 
ents also makes it very probable tnat the purely sexual emotions are 


} Loe, cit., table, p. 147. 


THE RELATIONS OF SEX TO CRIME, 733 


not particularly important as factors in the grave class of crime now 
under consideration. So far as it relates to parents, these emotions 
may be excluded. Other emotions must in parricide be called into 
action, But, in poisoning and crimes affecting others beyond parental 
relation, 1 believe the purely sexual emotion is the main ingredient in 
the motive. M. Quetelet states that adultery, domestic quarrels, and 
jealousy, cause nearly an equal number of poisoning in both sexes; 
hut in murder the number of women by the husbands exceeds the num- 
ber of husbands Ly the wives. In poisoning, with the ratio of 91 to 
100, for all motives and against unspecified persons, we perecive that 
when the crime is brought within the domestic circle and against per- 
sons bearing a very close relation to women and narrowed down to 
these motives, all differences between the sexes disappear. This is 
brought out in order to make clear the fact that women are not worse 
than men, but that under conditions favorable to their more restricted 
sphere of activities, and from motives operating in the direction of 
their peculiar psychical traits, they will equal men in the perpetration 
of those crimes suited to their strength. Crime, as it relates to men 
and is perpetrated by them, conforms in an equal manner to their phys- 
ical and mental characteristies, and exists in a ratio with the sphere of 
their activities. While a difference of morality may exist between the 
sexes, it is not equal to explain the constantly varying ratios of the 
sexes to crime. Whatever the differences of morality may be, it is not 
sufficient to create any difference in the tendency to crime, when the 
crime conforms to the conditions just stated. The abnormal action of 
mental sexual traits is more often met with among women than among 
men. M. Prosper Despine assigns great importance to the moral per- 
versions which accompany the hysterical tendency in women, and re- 
gards it as one of the marked characteristics of sex in crime. Iysteria 
in its myriad forms, when it disturbs cerebral function, appears to be 
a perversion of the emotional faculties. An offense committed during 
an attack of hysterical insanity is, not of course a crime, as Tam here 
studying it; but it is a grave question, to what extent may the erim- 
inal habit grow out ofthe perversion of morals which may attend the 
hysterical state of mind? In the course of two years’ acqnaintance 
with criminal female convicts, I beeame impressed with the fact that 
nearly every one of them gave evidence of possessing hysterical ten- 
dencics. In connection with this tendency, another significant fact 
was observed—the power to control the expression of the feclings and 
emotions was much less in them than in the average woman. Women 
who are liable to attacks of hysterical perversion of the emotions are 
usually under the direct influence of the diseased action but a short 
time, so that the possibility of criminal attempts at such times is com- 
paratively limited. It is not therefore the presence of an actual attack 
of hysteria which promotes the tendency to crime; but the impaired 
control over the desires and emotions which coexists with the hysteri- 
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cal temperament may lead to this. Which is the cause, aud which the 
effect, it is difficult to assert. From thé prevalence of hysteria among 
prostitutes—a class who habitually permit the desires and emotions 
to pass beyond healthy coutrol of the will—l infer that this precedes 
the actual attack of the disease. In some cases, however, hysteria 
results from organic derangement, usually of the sexual organs, and 
then the lack of emotional control may be a seeondary instead of pri- 
mary condition, The criminal resultant, in my experience, is confined 
to crimes against property, false accusation, and infanticide. It rare- 
ly leads to the more serions crimes against persons, for the reason 
that the wrongs of the hysterical are fancied rather than real, which 
disappear with the usually prompt return of judgement. 

The following history of a false accusation reveals the defective 
control over the feelings and the perversion of the sexual emotions 
which coexist with the hysterical tendency: Esther was a young 
convict, about twenty years old, committed for a term of years 
to the Onondaga penitentiary for a second offense of stealing. She 
married very young, and lived with her husband but a short time. 
Ter oceupation was that of a domestic, and when not employed 
always went to her home, which was respectable. She gave con- 
siderable trouble in the shops, by her moody and disobedient ways, 
and would often refuse her food, and was then taciturn and despond- 
ing. Her cell was situated near the centre of the block, on the sec- 
ond gallery, and was lined with pictures cut from the illustrated 
newspapers. The collection was remarkable from being made up of 
the pictures of men and women, some of them neatly framed with 
straws, A cross, made of the thin shavings of wood used to ight 
cigars with, was prominent among the decorations. She gave me 
considerable trouble with her great variety of fancied ailments, and 
I believe the girl actually believed in her diseases. The keepers 
believed her to be a “beat,” a most unfortunate reputation for one 
to earn while under the discipline of a penitentiary. Esther startled 
the prison officials one morning, by charging the night-watch—a most 
estimable young man—with visiting her cell at night. From the 
method of locking the cells, this appeared to the officers nearly an 
impossible thing for the watchman to do, A careful examination of 
the inmates of the adjoining cells failed to elicit any confirming evi- 
dence; yet Esther persisted in her charge, to the great distress of the 
young man. As Leander nightly buffeted with the waves of the 
Hellespont for the love of Hero, it was thought possible that love 
might contend not less successfully with patent locks and prison-bars. 
It was therefore considered the safest course to remove the young 
man. When Esther was informed of the effect of her charge, she at 
once retracted. Now, the motive of this accusation constitutes the 
essence of the story. Esther loved the night-watch. She had for 
months fed her passion on the sight of the young man. The class of 
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people to whom this woman belonged do not possess imaginations 
sufliciently acute to invest love with any charm. Their relation with 
an object of love is emotional; their only gratification is possession, 
«\s possession was Impossible, there was yet a way to establish a link 
between herself and wished-for lover. She brought a false charge 
against aman who had never spoken a word to her in his life. She 
took pride in the fact that his name was associated with hers in a 
manner most congenial to her emotions, It was the nearest approach 
to possession possible. This girl was very properly placed upon bread 
and water for her offense; but Iam quite confident that such a false 
accusation, except for purposes of revenge, is only possible in a woman 
of hysterical tendencies, and in whom the emotions have passed be- 
yond the inhibitory power of the moral sense, A false accusation of 
this nature is not a very rare one for women to make, and it is usnally 
accompanied by two noteworthy cirenmstances—the woman is gen- 
erally very young, and the man in some way nearly unattainable by 
the accuser, 

To the liability of insanity to accompany the hereditary trans- 
mission of crime, I have already made sufficient reference; but the 
elass described above are not insane, they simply lack the normal 
equipoise between the different faculties of mind. As to how far this 
may affect the relations of women to the different classes of crime we 
have no means of forming an opinion. As it is a mental characteristic 
more frequently observed in women than men, it is reasonable to sup- 
pose that it has some influence, Its effect upon the votaries of the 
social evil is, however, very great, and careful study will be made of 
it in the chapter devoted to woman’s crime against her sex. 

Particular stress has been laid by other authors upon the fact that 
the great excess of men over women in certain crimes against the per- 
son, as murder and assassination, was the result of intoxication and 
brawling to which men are addicted. Hf this is one of the factors of 
such excess, it will be interesting to know it. If this is any explana- 
tion, it follows that one sex must so greatly exceed the other mn the 
matter of intoxication and disorderly conduct, as it is termed by the 
police courts, as not only to include the ratio between the sexes for 
crimes mentioned, but also to inelude the chances of no such result 
following, as but a small percentage of debanches and brawls results 
in cither murder or assassination. As it is in great cities that men 
addicted to disorderly conduct are mostly to ke found, and as there 
also they are more liable to terminate in crimes against the person, I 
shall select statistics from cities touching upon this matter, bearing in 
mind, however, that a perfect contrast between the sexes cannot be 
secured, as the offenses under analysis include drunkenness and fight- 
ing in the male, and both those, with the addition of prostitution, in 
the female. The ratios are based upon the statistics furnished by the 
report of the Commissioners of Public Charities and Correction, For 
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the period covered by the reports, 90 per centum of those arrested for 
disorderly conduct and Intoxication were women.’ It becomes evident 
at ouce that the excess of men over women, in crimes against the per- 
sou, caunot to any extent be accounted for by the proneness of men 
to intoxication and disorderly conduet, aud which we perceive does 
uot so greatly exceed that of women. Instead of searching among 
aecidental qualities for the causes of this difference, rather onght we 
to examine the mental and physical qualities which exist inherently 
in man. From the same source we may gain an idea which bears in 
another direction upon this matter. The ratio of drunkenness and 
disorderly conduct to total crime, for the sexes separately, furnishes 
nearly positive proof that it has but a restricted influence upon the 
tendency to crime in general, Thus, these offenses furnish 41 per 
centum of the total crime committed by men; while, of the total crime 
committed by women, 80 per centum is of the same nature. While 
the number of drunk and disorderly among men is larger by a small 
excess than the nninber of women so addicted, yet women considered by 
themselves exhibit twice the tendency to these offenses that men do, 
Here, the sex which affords the least measnre of total crime gives the 
largest ratio, relatively to her own sex, of those offenses which are so 
generally supposed to underlie the criminal tendency. The explana- 
tion I would offer of this rather unexpected result is, that intoxication 
and disorderly conduct are offenses closely allied to yagrancy and its 
analogue, prostitution; that this class represents the effete among 
men and women who gravitate into vice from total lack of vitahty 
and energy to keep themselves up to the level of the average. The 
active criminal requires mental and physical energy in order to pur- 
sue his course. Any of the conditions of life which depress the physi- 
eal powers and deplete mental energy tend te remove those with 
ernninal tendencies from the order of active criminals, and place them 
among those addicted to the minor degrees of crime. While habitual 
intoxication and disorderly conduct lead to the lighter ofienses against 
property, the more serious crimes against property and persons are 
comparatively unaffected by these causes, either among men or women, 
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CAROLINE LUCRETIA HERSCHEL. 
By ELIZA A. YOUMANS. 


Me people in this country have heard of Miss Caroline Her- 
schel the astronomer. Without knowing much about her, she 
has been vaguely regarded by the public as a profound scientific 
genius, the strong-minded peer and coadjutor of her brother, the 
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illustrious Sir Wilham ILerschel. It is supposed that she rose above 
the narrow sphere of woman’s usual domestic life, and spent her time 
in studying the nniverse and making astronomical discoveries. She 
has been often cited, in the recent discussions of the woman question, 
as an illustration of the intellectual equality of the sexes and as demon- 
strating to the world what woman is capable of doing in science 
when she gets a fair opportunity. 

Miss HerseheP?s memoirs have just appeared, made up mostly from 
her diary and correspondence, edited by Mrs. John Herschel. In this 
interesting volume we get a view of her real character, and discover 
that the notions generally accepted are widely mistaken. We learn 
from her diary and letters that, while she was a thrifty and interested 
honsekeeper, she had neither the taste, the ambition, nor the mental 
qualities, that would have insured distinction in an independent intel- 
lectual career, It is seen that she became an astronomer by accident, as 
it were, and through the strength of her affection rather than of her 
intellect. When she found that her brother had resolved to take her 
as his assistant in his astronomic labors, it made her miserable for a 
time; and he chose her instead of either of his brothers, not because 
of her brilliant mind, but on account of her persevering devotion to his 
interests and her dexterity and readiness in doing an assistant’s work, 

The lesson of this book is very important to ambitions girls who 
despise domestic concerns, and long for an “inteHectnal” career. Her 
science, as such, gave Miss Herschel no great enjoyment; her happi- 
ness came from her womanly devotion to her brother's ambitions work; 
and the book will be found painfully interesting as it discloses the suf 
ering she also experienced as the penalty of this unselfish devotion. 

Miss Herschel lived to the great age of ninety-seven vears and 
ten months, and retained her faculties bright to the last. We give a 
portrait, taken from the biography, which represents her at the age 
of ninety-two. In the following sketeh we shall let her speak for her- 
self, as far as practicable, as nothing can exceed the graphic simplicity 
of her diary. But, as she was a German, and did not begin to study 
English till she went to England, at the age of twenty-two, there are 
defects in her writing, for which the reader will make due allowance. 

CarouinE Lucretia Herscuen was the eighth of a family of ten 
children, four of whom died in childhood. Her father was band-master 
in the regiment of Guards at Hanover, and all his children had musieal 
genius. Ife took great pains to cultivate his sons in music, and sent 
them to the garrison school for their routine education. As they grew 
up they all became musicians and joined the regiment band. At Det- 
tingen, in 1748, the father was wounded and left all night in a wet fur- 
row, and he had ever after an impaired constitution and an asthmatical 
affection. This event cast a shadow upon the family, and when Caro- 
line was born, in 1750, in the gloomy period of the Seven Years’ War, 
the mother’s temper seems to have been already warped hy trouble. 

YOL. vil.—47 
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lier turn of inind was practical and plodding, while the father was 
intellectual and aspiring. It is abundantly evident that Caroline had 
a bitter and desolate childhood. Expressions of affection or regard 
from her relatives were very rare in her experience, while ber own 
sympathies had a most precocious development. It is said that when 
only three years old she was deeply concerned about family troubles. 
Her only sister, the oldest child of the family, was married to a mu- 
sician named Griesbach. Jacob, the eldest brother, was organist at 
the garrison church ; and William, four years younger, was already re- 
inarkable for his splendid talents, apart from musie. Ihr the following 
passage fron: her diary we have a picture of the family at this time: 


“My brothers were often introduced as solo performers and assistants in the 
orchestra of the court, and I remember that I was frequently prevented from 
going to sleep by thelively criticism on music on coming from a concert, or con- 
versations on philosophical subjects, which lasted frequently till morning, in 
which my father was a lively partaker and assistant of my brother William by 
contriving self-made instruments. . . . Often I would keep myself awake that I 
might listen to their animating remarks, for it made me so happy to see them so 
happy. But generally their conversation would branch ont on philosophical 
subjects, whenmy brother Willian and iny father often argned with such warmth 
that my mother’s interference became necessary, when the names of Leibnitz, 
Newton, and Euler, sounded rather too loud for the repose of her little ones, 
who ought to be in sehool by seven in the morning. But it seems that on the 
brothers retiring to their own room, where they shared the same bed, my brother 
William had still a great deal to say ; and frequently it happened that, when he 
stopped for an assent or reply, he found his hearer was gone to sleep; and I 
suppose it was not till then he bethought himself to do the same. 

“The recollection of these happy scenes confirms me in the belief that, had 
my brother William not then been interrupted in his philosophical pursuits, we 
should have had much earlier proofs of his inventive genius. My father was a 
great admirer of astronomy, and had some knowledge of that science; for I re- 
inember his taking me into the street to make me acquainted with several of the 
most beautiful constellations, after we had been gazing at a comet which was 
then visible. And I well remeinber with what delight he used to assist my 
brother William tn his various contrivances in the pursuit of his philosophical 
studies, among which was a neatly-teurned fonr-inch globe, upon which the 
equator and the ecliptic were engraved by my brother.” 


But this little household was soon broken up, the regiment of 
Guards being ordered to England in 1755, The parting scenes are 
thns described: 


“Tn our room all was mate, but in hurried action; my dear father was thin 
and pale, and my brother William almost eqnally so, for he was of a delicate 
constitution, and growing fast. Of my brother Jacob, I only remember his 
starting difficulties at every thing that was done for him, as my father was busy 
to see that they were equipped with the necessaries for a march. The whole 
town was in motion, with drums beating to march; the troops hallooed and 
roared in the streets, the drums beat londer. Griesbach came to join my father 
and brothers, and in a moment they were all gone, My sister fled to her own 
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room. Alexander,” [her third brother] “ went with many others to follow their 
relatives for some miles, to take a last look. I found myself now with my 
mother, alone in a room all in confusion, in one corner of which my little brother 
Dietrich lay in his cradle; my tears flowed, like my mother’s, but neither of us 
could speak. Isnatehed a large handkerchief of my father’s from a chair, and 
took a stool] to place it at my mother’s feet, on which I sat down, and put inte 
her hands one corner of the handkerchief. reserving the opposite one for myself. 
This little action actually drew a momentary smile into her face.” 


They were gone a year, and of this period of separation she gives 
no recollections; but in her account of their welcome home we sce 
how affectionate she was and how neglected she felt, and the kind 
treatment of her brother William could not fail to make a deep im- 
pression upon her susceptible nature: 

“My mother, being very busy in preparing dinner, had suffered me to go all 
alone to the parade to meet my father, but I could not find him anywhere, nor 
anybody whom I knew; so at last, when nearly frozen to death, I came home and 
found them all at table. My dear brother William threw down his knife and 
fork and ran to welcome, and cronched down to me, which made me forget all 
my grievances. The rest were so happy at seeing one another again that my 
absence had never been perceived.” 


In 1757 it became apparent that William had not the strength to 
stay in the Guards in war time, and his parents, with no small diffi- 
culty, sent him away to England. 

When very young, Caroline went to the garrison school till three 
in the afternoon, and then to another school to be taught knitting, 
From the time she was six or seven years old, she says: 

“T was fully employed in providing my brothers with stockings, and remem- 
ber that the first pair for Alexandcr touched the floor when I stood upright, fin- 
ishing the front. Besides this my pen was frequently in requisition for writing, 
not only my mother’s letters to my father, but many a poor soldier’s wife in our 
neighborhood to her husband in camp.” 


From 1757 till 1760 there is another gap in the record, several 
pages having been torn from her manuseript belonging to this period. 
In 1760 her father came home for good, broken in health and worn 
out with hardships, and we are again furnished with some details of 
the family history. He devoted himself for the rest of his life to the 
musical education of his children, and gave lessons besides to the 
numerous pupils who sought his instrnetion. Next to her brother 
William, her father was the object of her dearest love. She was her 
mother’s companion and, assistant, and, as the income was straitened, 
they together did all the housework. The mother was a diligent 
spinner, and kept the family well stocked with household linen. Her 
sister had not a patient temper, and was sometimes left, with her 
goods and chattels, to be taken care of by her mother. As to Jacob, 
who was often at home, and who developed into a dandy while in 
England, she speaks of him as follows : 
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“When le came to dine with us it generally happened that before he de- 
parted his mother was as much out of humor with him as he was at the beef- 
steaks being lard, and because I did not know how to elean knives and forks 
with brick-dust.”’ Amd again: ‘*¢ When he honored the humble table with his 
presence, poor I got many a whipping for being awkward at supplying the place 
of footman or waiter.” 


It is said that his love of Inxury was shown in the specimens of 
English goods and English tailoring he brought back with him from 
England, while all that William br ought back was a copy of Locke 
i On the Human Understanding,” which took all his private means. 

When her father came home to stay he helped her some, and yet, 
poor man, he did it under difficulties. The parents had never agreed 
upon the subject of her edueation. She says: 


“My father wished to give me something like a polished education, but my 
mother was particularly determined that it should be a rough but at the same 
time a useful one; and nothing further she thonght was necessary but to send 
me two or three months to a seamstress to be taught to make household linen. 
Having added this accomplishment to my former ingenuities, I never afterward 
could find leisnre for thinking of any thing but to contrive and make for the 
family, in all imaginable forms, whatever was wanting; and thus I learned to 
make bags and sword-knots long before I knew how to make caps and furbe- 
lows. . . . My mother would not consent to my being taught French, and my 
brother Dietrich was even denied a dancing-inaster, because she would not per- 
mit my learning along with him, though the entrance had been paid for us both; 
30 all my father could do for me was to indulge me (and please himself) some- 
times with a short lesson on the violin, when my mother was either in good- 
humor or out of the way. Though I have often felt myself exceedingly at a loss 
for the want of those few accomplishments of which J was thus, by an erroneous 
though well-meant opinion of my mother, deprived, 1 could not help thinking 
but that she had cause for wishing me not to know more than was necessary for 
being useful in the family; for it was her certain belief that my brother William 
would have returned to his country, and my eldest brother not have looked so 
high, if they had had a little less learning. . . . But sometimes I found it scarcely 
possible to get throngh with the work required, and felt very unhappy that no 
time at all was left for improving myself in mnsie or fancy-work, in which I had 
an opportunity of receiving some instruction from an ingenious young woman 
whose parents lived in the same honse with us. But the time wanted for spend- 
ing a few hours together could only be obtained by our meeting at daybreak, 
because by the time of the family’s rising, at seven, I was obliged to be at my 
daily business. Though I had neither time nor means for producing any thing 
immediately, cither for show or use, I was content with keeping samples of all 
possible patterns in needlework, beads, bugles, horsehair, ete., for I could not 
help feeling troubled sometimes about my future destiny; yet I could not bear 
the idea of being turned into an abigail or housemaid, and thought that with the 
above and such like acquirements, and with a little notion of music, I might obtain 
aplace as governess in some family where the want of a knowledge of French 
would be no objection.” 


As year by year passed by, Williain’s attachment to England grew 
stronger. But the poor father, who was failing in strength, became 
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nore and more eager for his return, and on the 2d of April, 1764, to 
the great joy of the family, he made his appearance, The visit was 
brief, and gave no hope that he would settle in Hanover. 1n describ- 
ing it, Caroline is spoken of as “the poor little unnoticed girl,” and the 
event as standing in her memory “fraught with anguish too deep for 
words.” She was disappointed in her hope of enjoying this visit of 
her brother, for it came at the time of her confirmation. She says: 

“With my constant attendance at church and school, besides the time I was 
employed in doing the drudgery of the scallery, it was but seldom I could make 
one of the group when the tamily were assembled together.” 


The Sunday fixed for his departure was the very day on which she 
was to receive her first communion: 


“The church was crowded and the door open. ‘The Ylamburger post-wagon 
passed at eleven, bearing away my dear brother, from whom I had been obliged 
to part at eight o’clock. It was within a dozen yards from the open door; the 
postilion giving a smettering blast on his horn. Its effect on my shattered 
nerves J will not attempt to describe, nor what I felt for days and weeks after. 
I wish it were possible to say what I wish to say, without feeling anew that 
feverish wretchedness which accompanied my walk in the afternoon with some 
of my school-companions, in my black-silk dress and bouquet of artificial flowers, 
the same which lad served my sister on her bridal day. I could think of noth- 
ing but that on my return I should find nobody but my disconsolate father and 
mother, for Alexander's engagements allowed him to be with us only at certain 
hours, and Jacob was seldom at home except to dress and take his meals.” 

The last years of her father’s life are thus deseribed : 

“Changes of abode, not always for the better; anxieties, on account of 
Alexander’s prospects, and Jacob’s vagaries; disappointment at seeing his 
daughter grow up without the education he had hoped to give her—were the 
circumstances under which the worn-out sufferer struggled through the lust 
three years of his life, copying musie at every spare imoment, assisting at a con- 
cert only a few weeks before his death, and giving lessons until he was obliged 
to keep wholly to his bed. He was released from his sufferings at the coin- 
paratively early age of sixty-one, on the 22d of March, 1767, leaving to his chil- 
dren little more than the heritage of his good example, unblemished character, 
and those musical talents which he had so carefully educated, and by which he 
probably hoped the more gifted of his sons would attain to eminence.”’ 


Caroline was now seventeen, with only the barest rudiments of 
education, and for the next two years the time passed uneventfully in 
household ocenpations ; but at the age of twenty a new turn was sud- 
denly given to her thoughts by the arrival of letters from William, 
proposing that she should join him at Bath, in England. 

“To make trial if by his instruction I might not become a useful singer for 
his winter concerts and oratorios, he advised my brother Jacob to give me some 
lessons by way of beginning; but that, if after a trial of two years we should 
not find it answer our expectation, he would bring me back again. This at first 
seemed agreeable to all parties, but, by the time I had set my heart upon it, Jacob 
began to turn the whole scheme into ridicule, and. of course, he never beard the 
sound of my voice except in speaking, and yet I was left in the harassing uncer 
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tainty whether T was to go or not. T resolved at last to prepare as far as lay in 
uy power for both cases by taking every chance, when all were from home, to 
imitate, with a gag between my teeth, the solo part of concertos, shake and ail, 
such as I had heard them play on the violin; and I thus gained a tolerable execu- 
tion before I learned to sing. J next began to knit ruffles, ete. For my wother and 
Brother Dietrich, I knitted as many stockings as would last two years at least.” 


During all this time she was sorely troubled about her duty in the 
matter of leaving her mother, and she thus speaks of her feelings: 

“Tn this manner (making prospective clothes for them) I tried to still the 
compunetion I felt at leaving relatives who, I feared, would lose some of their 
comforts by my desertion, and nothing but the belief of returning to them full 
of knowledge and accomplishments could have supported me in the parting ino- 
ment. ... My brother William, at last, quite unexpectedly arrived. . .. His 
stay at Ianover could at the utmost not be prolonged above a fortnight. . .. 
My mother had consented to my going with him, and the anguish at my leaving 
her was somewhat alleviated by my brother settling a small annuity on her, by 
which she would be enabled to keep an attendant to supply my place. . . . But 
I will not attempt to deseribe my feelings when the parting moment arrived and 
T left my dear mother and most dear Dietrich, on Sunday, August 16, 1772.” 


After a dismal journey of six days and nights, in an open post- 
wagon through Holland, and a stormy passage across the Channel, she 
arrived in England on the 26th, bareheaded, her bonnet having been 
blown intoa canal from the post-wagon, and the first part of her “ Ree- 
ollections ” ends with an aceount of her experiences in London at this 
time. 

Before resuming Miss Herschel’s diary it is needful to explain that, 
at the time she came to live with him, William Herschel was an eimi- 
nent teacher of music at Bath, an organist with a choir under his man- 
agement, a composer of anthems, chants, etc., and director of public 
concerts. But he followed music solely for the income it afforded , 
every leisure moment he eould get by night or by day being devoted 
to the study of astronomy. He was known among his musie-pupils as 
an astronomer, and some of them had lessons from him in this science 
as well as in musie. He early applied his inventive talents to the im- 
provement of telescopes, He began by getting from one of the shops 
a two-and-a-halffoot Gregorian telescope which served for viewing 
the heavens and for studying the construction of the instrument. 
Then he began to make instruments himself, which he went on im- 
proving and eularging till at last the mirror for his great forty-foot 
telescope resulted. Such were the occupations of the brother whom 
Miss Herschel came to England to help. What she did and with what 
success is told in the following extraets from her “ Recollections :” 

“On the afternoon of August 28, 1772, I arrived with my brother at his 
house at Bath, No. 7 New King Street. I knew no more English than the few 
words which I had on our journey learned to repeat like a parrot, and it may 
be easily supposed that it would require some time before I could feel comfort- 
able among strangers. But, as the season for the arrival of visitors to the baths 
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does not begin till October, my brother had leisure to try iny capacity for be- 
eoming a useful singer for his concerts and oratorios, and, being very well satistied 
with my voice, I had two or three lessons every day, and the hours which were 
not spent at the harpsichord were employed in putting me in the way of manag- 
ing the family. . . . On the second morning, on meeting iny brother at break- 
fast, he began iminediately to give mea lesson in English and arithmetic, and 
showed me the way of booking and keeping accounts of cash received and laid 
out... 

“My brother Alexander, who had been some time in England, boarded and 
lodged with his elder brother, and with myself occupied the attic. The first 
floor, which was furnished in the newest and most handsome style, my brother 
kept for himself. The front-room, containing the harpsichord, was always in 
order to receive his musical friends and scholars at little private concérts or re- 
hearsals. . . . Sundays J received a sum tor the weekly expenses, of which my 
housekeeping book (written in English) showed the amount laid out, and my 
purse the remaining cash. One of the principal things required was to market, 
and about six weeks after coming to England I was sent alone among fishwom- 
en, butchers, basket-women, ete., and I brought home whatever in my fright I 
could pick up... . My brother Alexander used to watch ime at a distance, un- 
known to me, till he saw me safe on my way home. I knew too little of Eng- 
lish to derive any consolation from the society of those who were about me, so 
that, dinner-time excepted, I was entirely left to myself.” 


Of the progress of her musical edueation, we are told that she was 
much hindered by being continually called upon to assist in the manu- 
facture of telescopes : 


“Tt soon appeared that my brother was not contented with knowing what 
former observers had seen, for he began to contrive a telescope eighteen or twenty 
feet long, and [had to amuse myself with making the tube of pasteboard for the 
glasses, which were to arrive from London, for at that time no optician had set- 
tled at Bath. . . . My brother wrote to inquire the price of a retlecting mirror 
for, I believe, a five or six foot telescope. ‘The answer was, there were none ot 
so large a size, but a person offered to make one at a price much above what 
my brother thought proper to give. . . . About this time he bonght of a Quaker 
at Bath, who had made attempts at polishing mirrors, all his rubbish of patterns, 
tools, hones, polishers, unfinished mirrors, ete., but all for small Gregorians, not 
above two or three inches in diameter. 

“ Nothing serious conld be attempted, for want of time, till the beginning of 
June, when some of my brother’s scholars were leaving Bath; and’then, to my 
sorrow, I saw almost every room turned into a workshop. A cabinet-maker 
making a tube and stands of all descriptions in a handsomely-furnished drawing- 
room; Alexander putting up a huge turning-machine (which he bad brought in 
the autumn from Bristol, where he used to spend the summer) in a bedroom, 
for turning patterns, grinding glasses, and turning eye-pieces, ete. At the same 
time music durst not lic entirely dormant during the summer, and my brother 
had frequent rehearsals at home, where Miss Farinelli, an Italian singer, was 
met by several of the principal performers he had engaged for the winter con- 
certs. . . . Ife composed glees, catches, ete., for such voices as he could secure. 
As soon as I could pronounce English well enough I was obliged to attend the 
rehearsals, and on Sundays at morning and evening service. 

“ But every Icisure moment was eagerly snatched at for resuming some work 
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which was in progress, without taking time for changing dress, and many a lace 
rutie? was torn or bespattered by molten pitch, ete., besides the danger to 
which he continually exposed himself by the uncommon precipitancy of all his 
actions, of which we had a sainple one Saturday evening, when both brothers 
returned trom a concert between eleven and twelve o’clock, my eldest brother 
pleasing himself all the way home with being at liberty to spend the next day 
(except a few hours’ attendance at chapel) at the turning-bench; but, recollect- 
ing that the tools wanted sharpening, they ran with a lantern and tools to our 
landlord's grindstone, in a public yard, where they did not wish to be seen on a 
Sunday morning. But my brother William was soon brought back fainting by 
Alexander, with the loss of one of his finger-nuils. . . . 

“My time was much taken up with copying music and practising, besides 
attendance on my brother when polishing, since, by way of keeping him alive, I 
was constantly obliged to feed him by putting victuals in his mouth. This was 
once the case when, in order to finish a seven-foot mirror, he had not taken his 
hands off trom it for sixteen hours together. Generally I was obliged to read 
to him, while he was at the turning-lathe or polishing mirrors, ‘Don Quixote,’ 
‘Arabian Nights Entertainment,’ the novels of Sterne, Fielding, ete.; serving 
tea and supper without interrupting the work, and sometimes lending a hand. I 
became in time as useful a member of the workshop asa boy might be to his 
waster in the first year of his apprenticeship. But, as I was to take a part the 
next year in the oratorios, I had for a twelvemonth two lessons per week trom 
Miss Flemming, the celebrated dancing-mistress, to drill me for a gentle-woman 
(God knows how she succeeded!). So we lived on, without interruption.” 


On her first public appearance as the leading treble singer in the 
oratorios, her brother gave her ten guineas for her dress, and on the 
occasion the proprietor of the theatre pronounced her an ornament to 
the stage. If she had chosen to persevere, her biographer says her 
reputation as a singer would have been sceure, but, like a woman, she 
thought more of securing her brother’s success than her own. She 
steadily declined to sing in public unless he was conductor. Besides 
regular Sunday services, she sang in concerts and oratorios at Bath 
and Bristol, all the while carrying on her housekeeping with one 
servant, In this way for ten years at Bath she went on “singing 
when she was told to sing, copying when she was told to copy, lend- 
ing a hand in the workshop,” and sympathizing with all the intensity 
of her nature in the course of events, which ended by her brother 
becoming “the king’s astronomer.” She sang with him for the last 
time at Bath, on Whitsunday, 1782. 

The following extract narrates the course of events that led to her 
becoming her brother’s constant assistant in his astronomical work: 

“My brother. applied himself to perfect his mirrors, erecting in his garden a 
stand for his twenty-foot telescope. Many trials were necessary before the re- 
quired motions for such an unwieldy machine could be contrived. Many at- 
tempts were made by way of experiment against a mirror, before an intended 
thirty-foot telescope could be completed, for which, between-whiles (not inter- 
rupting the observations with seven, ten, and twenty foot, and writing papers 


*She means her brother's ruffles. In those days lace was worn by gentlemen, and 
she elsewhere speaks of knitting ruffles for her brother, 
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for both the Royal and Bath Philosophical Societies’), gauges, shapes, weights, 
etc., of the mirror were calculated and trials of the compusition of the metal 
were made, In short, [saw nothing else and heard nothing else talked of but 
about these things when my brothers were together. Alexander was always very 
alert, assisting when any thing new was going forward, but he wanted persever- 
ance, and never liked to contine himself at home for many hours together. And 
so it happened that my brother William was obliged to make trial of my abilities 
in copying for him catalognes, tables, ete., and sometimes whole papers which 
were Jent him for perusal. J was thus kept employed when my brother was at 
the terescope at night. When I found that a hand was sometimes wanted, when 
any particular measures were to be made with the lamp, micrometer, ete., or a 
fire to be kept up, or a dish of coffee necessary during a long night’s watching, I 
undertook with pleasure what others might have thought a hardship.” 


Although the sister’s references to the labors and discoveries of her 
brother are full of interest, we have no space for them here. Snuftice 
it that, after the discovery of “the Georgium Sidus in 1781, the name 
of William Herschel became famous, and he was soon released from 
the necessity of giving any of his time to musie. He was sent for 
to come with his seven-foot telescope to the king, and the result was 
that he was chosen royal astronomer, at a salary of £200 a year.” 
One or two extracts, from the letters written by William Herschel to 
his sister during this preliminary visit to London, will give some idea 
of the intimate relation she held in his life. He writes on May 25th; 


“.... Yesterday I dined with Colonel Walsh, who inqnired atter you. 
There were present Mr. Aubert and Dr. Maskelyne. Dr. Maskelyne, in public, 
declared his obligation to me for having introduced to them the high powers, 
tor Mr, Aubert has so much succeeded with them that he says he looks down 
upon 200, 300, or 400, with contempt, and immediately begins with 800. He 
has used 2,500 very completely, and seen my five double stars with them. All 
my papers are printing, with the postscript and all, and are allowed to be very 
valuable. You see, Lina, I tell you all these things. You know vanity is not 
my foible, therefore I need not fear your censure. Farewell. 

“Tam your aitectionate brother, Wituram Herscnet.”’ 


And again, June 3d, he writes: 

“Dear Lina: I pass my time between Greenwich and London agreeably 
enongh, but am rather at a loss for work that I like. Company is not always 
pleasing, and I wonld much rather be polishing a speculum. ... I am intro- 
duced to the best company. To-morrow I dine at Lord Palmerston’s, next day 
with Sir Joseph Banks, ete., ete. Among opticians and astronomers nothing 
now is talked of but what they call my great discoveries. Alas! this shows 
how far they are behind, when such trifles as I have seen and done are called 
great. Let ine but get at it again! I willimake such telescopes and see such 
things—that is, I will endeavor to do so.” 


The letter ends abruptly. 

Such, in brief, was the intellectual and moral preparation of Miss 
Herschel for the life of an astronomer. An account of her experi- 
ences in this field will be given in our next number. 


1 He was elected a Fellow of the Royal Society December 6, 1871, 
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CORRESPONDENCE. 


LEX TALIONIs. 

To the Editor of the Popular Science Monthly. 
rPMIE authors of “ The Unseen Universe ” 

tell us, as appears ina note in your 
January number, “It is probable that, 
before many years have passed, electricity 
will be ealled upon by an enlightened Legis- 
lature to produce absolutely indescribable 
torture, thrilling through every fibre of 
such miscreants ’—in referring to “ human 
brutes who vent their despicable passions 
in murderous assaults on women and chil- 
dren.” 

Evolution by reversion is not eneour- 
aging. 

The refinement of scientific training, in- 
dicated by the above extract, is hardly in 
the direction of improving civilization. 

It is suggested that the “human mis- 
ereants ” are not the products of accident, 
May they not be examples of inherited dis- 
ease, and therefore properly fit subjects for 
insaue asylums, or other similar reforma- 
tories ? How far may not society itself, in 
the locality of these human monsters, be 
responsible for their existence ? 

May we not hope that an “eye for an 


eye” is, in the order of healthy evolution, 
to disappear entirely from our penal cor- 
rectives, including that relic of barbarism, 
capital punishment, even now rapidly dis- 
appearing from our statute-books, and in 
most States inflicted only for one grade of 
erime ? 

What is the object of all rational pun- 
ishment ? Certainly not yengeance—not 
vindictiveness. 

Is it not, rather—1. Restitution to soci- 
cty or to individuals, so far as possible, for 
loss or injury caused by criminals? 2. Pro- 
tection of society from repetition of criminal 
acts? and, 8. Reformation of the culprit? 

If the gallows, and ‘absolutely inde- 
scribable torture, thrilling through every 
fibre,” provided by enlightened Legislatures, 
are the only infallible remedies, then, in- 
deed, is our vaunted civilization a sad fail- 
ure. 

Let us revert to scientific inquisition at 
once, and have a commission of savants in 
this Centennial year of grace, to resurrect 
the beauties of Torquemada. Why not. ? 


B. 


Nicumonn, Inptana, Junuary 10, 1876. 


EDITOR’S TABLE. 


MARTINEAWS REPLY TO TYNDALL. 
NE of the great characteristic ele- 
ments of scientific knowledge is 


that it is progressive, and the nature of | 


that progress is to arrive gradually at the 
establishment of truth. Science having 
fixed upon its methods—methods that 
have been vindicated in its history—goes 
on with the exploration of phenomena 
in all fields, by beginning with imper- 
fect evidence and gradually working 
out its investigations to the complete- 
ness of proof and the firm establish- 
ment of facts and principles. This 


in science, who are active in its pre- 
liminary work, are naturally the most 
obnoxious to al] those classes who rest 
contented with the existing state of 
opinion and are the conservators of tra- 
ditional belief. It has always been so. 
In every phase and stage of advancing 
science, it is those that push on with 
the pioneer work, who begin to ques- 
tion opinions long rooted, trusting to 
the wholesomeness of inquiry, and the 
validity of long-tested scientific pro- 
cedure, that encounter dennnciation as 
disturbers of the world’s intellectnal 


being so, it follows that those who lead | peace. It was those who initiated in- 
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vestigation in astronomy, geology, phys- 
iology, and the various brauches of 
uatural phenomena; and it is those who 
are now pushing seientitic methods of 
thought into fields where they have 
hitherto been unrecognized, that are 
most obnoxious to criticism as med- 
dlers, disturbers, and destructives. The 
world at length accepts the work, and 
when it is accomplished will even ap- 
plaud those who began it; but it as 
yet by no means recognizes the neces- 
sity of sharper questioning, of explora- 
tion in new fields, of a more inexorable 
scrutiny of old opinions, or the neces- 
sity of accepting the initial work of pio- 
neer thinkers as legitimate and indis- 
pensable. 

And so it is that intrepid scientists 
like Prof. Tyndall, who push on the 
frout and give battle right and left, must 
take the consequences, as their prede- 
cessors have done in the past. The 
President of the British Association 
took a step forward at Belfast, and has 
been in hot water ever since. He as- 
sumed the broad, advanced ground that 
the exploration of the universe, so far as 
it is accessible to human faculties, be- 
longs to science; and that every system, 
doctrine, or belief, that has hitherto 
been put forth regarding the nature, 
origin, or government of the universe 
which lays claim to the character of 
knowledge, must submit its pretensions 
to be passed upon by the tribunal of sci- 
ence. Science having given to man the 
universe as we know it, has established 
its claim to be intrusted with the whole 
field of intellectual expioration into its 
methods and laws, It was undoubtedly 
a bold step for President Tyndall to 
take, but it was inevitable by the logic 
ot the history of thought. That the 
batteries should have been opened upon 
him all around was quite natural, and 
is but the repetition upon a somewhat 
larger scale of what has been going on 
in a smaller way ever since the scien- 
tific study of Nature began. 

One of the controversies which grew 
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out of the position taken by Tyndall, 
before the British Association, was 
with Dr. James Martineau, who is car- 
rying it on vigorously and expansively. 
Ile first attacked the Belfast Address 
in a discourse entitled “Religion as 
attected by Modern Materialism,” de- 
livered to the theological college of 
which he is principal. To this Prof. 
Tyndall replied in a new preface to the 
“Fragments of Scienee,” which ap- 
peared in the Monruny of last Decem- 
ber. Dr. Martineau now rejoins in the 
February Contemporary, in an elabo- 
rate article, with more to come. We 
should be glad to print his paper if it 
were within limits practicable for the 
Monrnoty. But twenty-three pages, 
with the expectation of as many more, 
would consume niore space than we can 
spare, and it is of less importance that 
we should issue it, as Mr. Putnam, Dr. 
Martineauw’s American publisher, will 
shortly furnish it to interested readers. 

We may, however, briefly take note 
of Dr. Martineau’s general position. 
He assumes that mischiefs arise, to 
both science and theology, from con- 
fusing their boundaries, and these he 
attempts to define. IIe seems to re- 
gard them as codrdinate departments 
of investigation, aud “that, in their 
dealings with phenomena, science in- 
vestigates the ‘Ilow,’ and theology the 
‘Whence.’ But on this view theolo- 
gy becomes obviously but one division 
of science, and is swallowed wp by it. 
In investigating the “how ” of things 
we are simply inquiring into one phase 
of their order, and in investigating their 
“ whence” we are but inquiring into an- 
other phase of the same order. More- 
over, we are finding that the investiga- 
tion of the ‘ how ” involves the inves- 
tigation of the ‘‘ whence ;” so that both 
procedures are directed to the solution 
of a common problem. Where are the 
defining boundaries when one thing is 
lost in another? 

The more common theological po- 
sition takes the ‘‘ whence” out of thie 
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field of seientific inquiry by relegating 
it to the supernatural, and assuming it 
to be settled by an infallible preternat- 
ural inspiration, which is above the 
sphere of science that deals only with 
the natural. Orthodoxy plants itself 
upon the divine, infallible record, which 
by its nature and source is claimed to 
be above the reach of science. But 
Dr. Martineau is heterodox and cannot 
take this ground. His position is, that 
the Bible is sacred, but not infallible— 
sacred like the sacred books of other 
religions. Jle says: ‘‘I am asked how, 
after giving up the Old Testament cos- 
mogony, I can any longer speak of ‘ sa- 
cred books,’ without informing my 
readers where to find them .... Can 
a literature, then, have nothing sacred 
unless it be infallible? Has the religion 
of the present no roots in the soil of 
the past, so that nothing is gained for 
our spiritual culture by exploring its 
history and reproducing its poetry, and 
ascending to the tributary waters of its 
life? The real modern discovery, far 
from saying there is no sacred litera- 
ture, because none oracular, assures us 
that there are several; and, notwith- 
standing a deepened, because purified 
attachment to our own ‘origenes’ in 
the Jewish and Christian Scriptures, 
persuades us to look with an open rey- 
erence into all writings that have em- 
bodied and sustained the greater pieties 
of the world.” 

By this position the absorption of 
theology into science is complete. For 
if Christianity has no other or different 
elaims for the validity of what it offers 
than half a dozen other religions have— 
and impliedly a hundred other relig- 
ions—what remains but to accept the 
phenomena of religions as a part of the 
phenomena of Nature open to scientific 
exploration? And, if thrown upon Na- 
ture, we encounter unity and evolution, 
and must study the genesis of religious 
beliefs, the development of supersti- 
tions, and the derivation of theological 
systems, as we study the unfolding of 
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life, or the origin and progress of human 
institutions, The underlying principle 
of evolution is continuity, the lowest 
being connected with the highest by 
unbroken lines of unity and causation. 
But though committed, as we think, to 
this view by the position he has taken, 
Dr. Martineau affirms a break in the 
upward movement, so abrupt and total 
that science cannot cross it. He says, 
“ Nature, in respect of its higher affec- 
tions, compassion, self - forgetfulness, 
moral obligation, is constructed in har- 
mony with a world divinely ruled,” and 
this is the sphere of intuition and the- 
ology where science does not belong. 
But does the divine rule necessarily 
rule out science? and are not intuitions 
in this higher realm as open to be in- 
quired of scientifically as instincts in the 
lowest sphere? The writer's declara- 
tions that it is the office of theology to 
explore the ‘“‘ whence” of things, and 
that it pertains to the “ upper zone” of 
human nature, do not quite clear up 
the confusion of its boundary relations 
to science. 

Dr. Martineau labors to point out, 
in his present essay, the difficulties that 
the ‘‘materialist”? must encounter in 
explaining things by the atomic hy- 
pothesis; and in his next article he 
promises to show the deficiencies of the 
dynamic hypothesis for the same pur- 
pose. It is unnecessary to say that, as 
a writer, Dr. Martineau is an accom- 
plished master of rhetorical effect. 


A LIBEL UPON THE INDIANS. 


Ir is an interesting question how the 
different races of mankind rank as liars. 
fs the capacity to falsify a constant quan- 
tity in all the varieties of men, or does 
it vary like other qualities; and, if vari- 
able, is it subject to development, and 
how do the various tribes of men stand 
upon the scale? 

A United States Senator has given 
us his decisive dictum upon the subject, 
and there ought to be wisdom in a sena- 
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torial dictum. Mr. Windom, of Minne- 
sota, is reported as recently saying in 
the Federal Senate that “the Indians 
are the greatest liars and vagabonds up- 
on the face of the earth.” With their 
rank as vagabonds we have no imme- 
diate concern, but in regard to their 
grade as liars we think the Senator is 
inerror; he is over-modest ; the “ great- 
ness’? which he so freely accords to the 
savages, in this respect, belongs pre- 
eminently to his own race. The rival- 
ries of falsehood between races, like 
other rivalries, must depend upon ca- 
pacity, culture, and opportunity ; and, in 
any competition for honors in deception, 
the Yankee has proved from the be- 
ginning to be much “smarter” than 
the Indian. Our Senator, indeed, if 
the reports can be trusted (and they 
are white, not Indian reports), might 
be taken as a living and conclusive 
illustration of the superiority of the su- 
perior race in perpetrating falsehood on 
an imposing scale. He is said to have 
advocated a breach of the treaty by 
which the ‘Black Ilills” are reserved 
to the Sioux, so as to let in all the white 
adventurers that choose to go there; 
that is, to break the faith and pledge 
of the Government, and turn the whole 
nation into liars by virtue of our repre- 
sentative system. This brings out the 
exalted advantages in the practice of 
falsification possessed by the dominant 
race over the uncultivated savages. We 
can perpetrate deceit by official machin- 
ery. Even in the smallest way, in the 
hand-to-hand competition of a huckster- 
ing trade, the Yankee may be trusted 
anywhere to cirenmvent, that is, to out- 
lie the Indian. But when we consider 
the case In its broader aspects, where 
the two sorts of people work freely in 
their separate social spheres, the Indians 
are not to be named as competitors of 
the whites in the art of mendacity. 
Granting the disposition, they lack the 
resources and capacity. Mentally, they 
are children, with but little knowledge, 
scanty ideas upon a few subjects, and 
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limited intellectual operations. They 
lack the scope, the cultivation, the fa- 
cilities for exercise in deceit which are 
possessed by the civilized race. With- 
out books, newspapers, advertisements, 
highly-organized party polities, diplo- 
macy, lawsuits, complex business rival- 
ries, sectarian strifes, big enterprises, and 
fashionable society, what can they do 
in the way of duplicity, fraud, imposi- 
tion, misrepresentation, artifice, cheat- 
ing, forgery, perjury, and the thousand 


| forms, and grades, and variations of ly- 


ing, in which the dominant race is 80 
proficient? The civilized man multi- 
plies his capacity of falsehood through 
division of labor, IIe not only lies with 
his tongue, but with his hands, manipu- 
lating falsehood into his manutactures. 
He lies by machinery, and swindles by 
steam. [By the printing-press he scat- 
ters deceptions like snow-flakes over 
the continent. Your civilizee lies with 
enterprise, through an army of agents 
What can 
the “poor Indian,” with his “ untutored 
mind,” do in comparison with this? 
There was more lying in the manage- 
ment of the Northern Pacific Railroad 
than ten tribes of Indians could perpe- 
trate in a generation, There is more 
lying in one presidential campaign than 
all the North American tribes could per- 
petrate inacentury. The Indians are 
no more “ the greatest liars on the face 
of the earth ” than they are the greatest 
lawyers, politicians, editors, merchants, 
and manufacturers, on the face of the 
earth. Fraud, falsification, dissimula- 
tion, insineerity, trickery, overreach- 
ing, and the innumerable grades and 
shades of humbug, are vices of the civ- 
jlized man, and he must accept this 
with all his other forms of greatness. 
The Indian has undoubtedly a rudi- 
mental capacity for lying, which gets 
somewhat developed along the borders, 
by his intercourse with the whites, but 
he cannot aspire to the unenviable emi- 
nence which Senator Windom ascribes 
to him. 


75° 


HOW SCIENTIFIC EDUCATION IS 
EVADED. 

Or the two great phases of educa- 
tional reform, the improvement of its 
quality, and the increase of its quantity, 
in our judgment, as we have frequent- 
ly said, the former is much the most im- 
portant. We have abundant evidence 
on all sides as to how easy it is to ex- 
tend education, or that which passes 
under its name. And the evidence is 
equally abundant and clear of the great 
difticulties of improving the quality of 
that which is established under the 
name of education. And the more it 
is extended and organized, and official- 
ized, the more formidable are the obsta- 
cles to any change of method that shall 
make it increasingly rational. A fresh 
illustration of the tenacity of tradition- 
al ideas, and the ingenuity with which 


reforms of great and conceded impor-— 


tance are evaded and turned to nanght, 
was lately furnished by Sir John Lub- 
bock in pointing out the tactics of the 
leading English universities by which 
the study of science and the modem 
languages is escaped. To show how 
the subject stands as a matter of reason 
he first called attention to the views 
put forth by the several English com- 
missions appointed to inquire into the 
management of the higher institutions. 
The commission of 1861, which took 
up the great public schools, reported 
that more time should be devoted to 
the study of modern languages, while, 
as regards science, that it was practi- 
cally excluded from the education of 
the higher classes in England. ‘ Edu- 
cation,” they say, ‘‘is, in this respect, 
narrower than it was three centuries 
ago, while Science has prodigiously ex- 
tended her empire, has explored im- 
mense tracts, divided them into prov- 
inces, introduced into them order and 
method, and made them accessible to 
all. This exclusion is, in our view, a 
plain defect, and a great practical evil. 
It narrows unduly and injuriously the 
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mental training of the young, and the 
knowledge, interests, and pursuits, of 
men in maturer life. Of the large 
number of nen who have little apti- 
tude or taste for literature, there are 
many who have an aptitude for science, 
especially for science which deals, not 
with abstractions, but with external 
and sensible objects; how many such 
there are can never be known, as long 
as the only education given at schools is 
purely literary, but that such cases are 
not rare or exceptional can hardly be 
doubted by any one who has observed 
either boys or men.” 

In 1868 another commission was ap- 
pointed to examine the management of 
the English endowed schools. In their 
report they sav: ‘‘ We think it estab- 
lished that the study of natural science 
develops, better than any other studies, 
the observing faculties, disciplines the 
intellect by teaching induction as well 


-as deduction; supplies a useful balance 


to the studies of language and mathe- 
matics, and provides much instruction 
of great value for the occupations of 


after-life.” 
Finally, a third commission was ap- 


pointed, under the presidency of the 
Duke of Devonshire, to inquire into 
the state of secientifie instruction in 
Great Britain, and they report that 
“though some progress has no doubt 
been achieved, and though there are 
some exceptional eases of great im- 
provement, still no adequate effort has 
been made to supply the deficiency of 
scientific instruction pointed out by the 
commissioners of 1861 and 1864. We 
are compelled, therefore, to record our 
opinion that the present state of scien- 
tific instruction in our schools is ex- 
tremely unsatisfactory.” 

These are well-matured views put 
forth with the weight of a large num- 
ber of the most eminent names in Eng- 
land. The claims of scientific men for 
time to be devoted to scientific stud- 
ies have been moderate. Assuming 
the number of study-hours in a week 
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to be thirty-eight, Dr. Ilooker, Prof. 
JTuxley, and Dr. Carpenter, ask only 
for six hours to be devoted to science, 
while Prot. Tyndall demands only eight. 
The reeent commission has shown by a 
large number of returns from the en- 
dowed schools that, when scienee is 
studied at all, not more than two hours 
a week are given to it, while in a large 
number it is entirely ignored. Out of 
one hundred and twenty of the larger 
endowed schools, in more than half no 
science whatever is taught, and out of 
the whole number only thirteen attach 
any weight at all to scientific subjects 
in the examinations, 

It is by the skillful working of these 
“examinations ” that the adherents of 
the older studies resist the educational 
progress of science. The Universities 
of Oxford and Cambridge, backed by 
the immense authority of these great 
institutions, have recently appointed a 
joint board to undertake the examina- 
tions of schools. The studies are dis- 
tributed in four groups: 1. The lan- 
guages; 2. Mathematics; 3. Scripture 
knowledge, history, ete.; 4. The sci- 
ences. But the certificates are award- 
ed under such conditions that the mod- 
ern langnages and the sciences are vir- 
tually suppressed. As Sir John Lub- 
bock says, “the result will be to dis- 
courage the teaching of French and 
German,” while “the nominal intro- 
duction of science is under the eireum- 
stances little more than a hollow mock- 
ery;”’ the effect being that “ boys may 
obtain university certificates while they 
know nothing of history, nothing of 
geography, nothing of any modern Jan- 
guage, or of any branch of science.” 


VIFISECTION VINDICATED. 


TueRE was a lond and passionate 
outcry a year ago in England, which 
had its echoes in this country, about 
the fiendishness of physiologists in their 
experiments upon living animals, They 
were represented as devoid of all hu- 
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manity, indurated and indifferent to 
suffering, and as delighting to torture 
poor dumb ereatures for mere amuse- 
ment or class-room show, and on the 
most frivolous pretexts of helping on the 
progress of science. There was a great 
deal of screaming about it, and Hutton, 
of the London Spectator, led the eru- 
sade, demanding governmental interfer- 
ence to restrain the brutalities of the 
scientists and proteet the helpless vie- 
tims of their barbarity. And so, as is 
wont with the English, a commission 
was appointed to inquire into the mat- 
ter, and IIutton was among the com- 
missioners. It was asensible body, aud 
raked together every thing that claimed 
to be evidence upon the subject. Of 
course, the stories of horrors which got 
such wide credence, turned out to be ab- 
surd exaggerations. Brought to book, 
the secretary of the ‘ Royal Society for 
the Prevention of Cruelty to Animals ” 
acknowledged that he did not know a 
single instance of wanton cruelty. The 
case of the agitators broke down signal- 
ly, and after the most patient examina- 
tion of the whole subject the commis- 
sioners declare that ‘“‘a general senti- 
ment of humanity on this subject appears 
to pervade all classes in this country.” 
They point out how much seience is in- 
debted, and how much the world owes, 
to experiments upon living animals, and 
they recognize that in the further prog- 
ress of medical science this means of 
knowledge cannot be avoided. The com- 
mission, in fact, accepts the position 
taken by the physiologists themselves 
at the British Association in 1871, and 
demands only “the reasonable superin- 
tendence of constituted authority.” The 
legislation asked for will not in any 
way alter the existing facilities for re- 
search or iinpede its progress, while it 
will calm needless apprehension, and 
put an end to the odious misrepresen- 
tations whieh have recently been rife 
upon the subject. Perhaps the friends 
of the lower animals, who have been so 
ardent in attacking and denouncing 
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men of science, will now turn their at- 
tention to the butchers, the hunters, 
and the fushionable people who torture 
their horses in the broad day in the 
open streets, and at all hours, in the 
sight of everybody, by the use of bear- 
ing-reins and gag-bits. 
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Descriptive Socio.ocy. By Ierpert Sren- 
cer. Numbers Three and Four. Folio. 
Trice, $4.00 per No. D. Appleton & Co. 
To those who care only for politics on 

account of its gossip, personalities, and pass- 

ing excitements, or who study it merely as 
an art for the attainment of their own selfish 
ends, these works need not be commended ; 
but those who are interested in working out 
the principles of a science that underiies all 
polities will be glad to learn that the “ De- 
seriptive Sociology” of Herbert Spencer fs 
making fair progress, the fourth number 
being now published. This work is not at 
all known even by the most intelligent por- 
tion of the American people. They talk 
much about society, speculating upon its 
origin, declaiming against its evils, and pro- 
posing endless nostrums for its relief and 
regeneration, but give no attention to the 
most serious, thorough, and successful effort 
yet made to elucidate the natural laws of so- 
cial phenomena. If the 
tance of Spencer’s “ Descriptive Sociology” 
were at all understood, it would be found in 
every public library, in many private ones, 
andin all higher educational institutions. It 
is nothing less than a series of representa- 
tions, almost pictorial in their clearness, of 
the constitution of human societies, of all 
forms, types, and grades, the world over. It 
gives the whole range of social facts that 
characterize each community in such an in- 
genious scheme of representation that they 
can he compared with extreme facility, and 
their clements considered cither separately 


value and impor- 


or as existing together; and either as ad- 
vancing by themselves, or as moving on con- 
nectedly and under ruutual influence. The 
industrial, economic, domestic, civil, mili- 
tary, esthetic, moral, religious, and intel- 
lectual condition of each community, is given 
in a systematic way, which brings out the re- 
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lations of these social factors; and the whole 
is carefully anthentieated by copious ané 
elassified extraets from the best authorities 
by which the social facts in the several 
eases have been described. Without criti- 
cal examination no one ean form an idea of 
the enormous labor that has been expended 
upon these works, nor of their value to the 
students of social affairs. Nothing worthy 
the name of social science, that is, embrac- 


_ ing wide inductions and comprehensive prin- 


ciples, can ever come from the examination 
of one example or furm of society only; and, 
in the wide sweep of his inquiries, Mr. 
Spencer is the first to have given to the 
problem of social philosophy its full breadth 


| of scientific basis. 


In the first number of this general work 
Mr, Speneer gave us the social history of 
England. In the second number he gath- 
ered up and organized what is known of the 
social life of the extinct or decayed Ameri- 
ean civilizations. Number Three, now be- 
fore us, is devoted to the lowest types of the 
social state—the Negritto races and the Ma- 
layo-Polynesian races. This was compiled 
and abstracted by Prof. David Duncan, a col- 
laborator with Mr. Spencer in the execution 
of his enterprise. Jt represents the social 
life of the Fuegians, Andamans, Veddahs, 
Australians, Tasmanians, New Caledonians, 
New Guinea people, Fijians, Sandwich- 
Islanders, Tahitians, Tongans, Samoans, 
New-Zealanders, Dyaks, Javans, Sumatrans, 
and Malagasy. The environments, inor- 
ganie, organic, and sociological of these 
communities, and the physical, emotional, 
and intellectual characters of each people 
are given, and whatever is known or acces- 
sible regarding their social habits, peculi- 
arities, and modes of life. 

Number Four, which is just published, 
also elaborated by Prof. Duncan, is devoted 
to the African races. Jle delieates the 
social aspects of the Bushmen, the Hotten- 
tots, the Damaras, the Bechuanas, the Caf- 
firs, the East Africans, the Congo people, the 
Coast Negroes, the Inland Negroes, the Da- 
homans, the Ashantis, the Fulahs, and the 
Abyssinians, 

We cannot republish these works in the 
Montny, although in the number for April, 
1874, we gave a sample of the tables that 
are used, and which necessitated the large 
folio form of publication, But those who 
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will take the pains to consult and compare 
these works now issucd will quickly sce 
that we are entering upon a new stage of 
social ideas and knowledge. “The proper 
study of mankind is man,” but it is far from 
being the same study in different ages. 


A Trext-Boox of Human Pirysiotoey. De- 


signed for the Use of Practitioners and | 


Students of Medicine. By Austin Fiint, 

Jr, M.D. Mlustrated by Three Litho- 

graphic Plates and 313 Woodeuts. Pp. 

“78. Priec, $6. D. Appleton & Co, 

Tunis work is an abridgment or conden- 
sation of Dr, Flint’s large treatise upon 
physiology, in five volumes, The Liblio- 
graphical and historical features of the 
larger work are mostly omitted, and various 
subjects, which are there much elaborated, 
are more concisely presented in the single 
volume. The more extensive treatise will 
retain its place for purposes of reference, 
as giving a full account of the literature of 
physiology, and a systematic representation 
of its facts and principles. Gut of this Dr. 
Flint has educed a complete working manu- 
al, which brings the treatment of the sub- 
ject within convenient limits for students, 
while it is much more complete as a repre- 
sentation of the present state of the scicnce 
than any other book we know upon this 
topic, A marked feature of the work is its 
illustrations, which are large and especially 
fine. Many of them are new, and all are 
executed in the best style of the engraver's 
art. The book is beautifully printed and is 
most attractive in appearance; it may be 
commended to alt who desire a comprehen- 
sive and trustworthy work up to the latest 
date, by authority, on the interesting and 
important subject of physiology. 


AyimaL Parasites ano Messwates. By J. 
P Van Beyeven, Professor at the Uni- 
versity of Louvain, With 83 Hlusira- 
tions. Pp. 274. Price, $1.50. D. Apple- 
ton & Co. No, XIX. of the “Interna- 
tional Scientific Series.” 

We give in the body of the Monroy a 
sample of the curious and interesting infor- 
mation on the economy of animal life to 
which this book is devoted. It opens a 
new chapter of ‘strange things in the field 
of life, to the common reader, and will be 
perused with avidity by all lovers of natural 
history. The names of most of the little 
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creatures deseribed will be found scmewhat 
new to general readers; but the lively, fa- 
miliar, and graphic style of the writer will 
go far to compensate for this drawback, as 


| he is not without a very decided sense of the 


comical and humorous side of his remark- 
able subject. The author is an eminent au- 
thority in zodlogy, and the work is largely 
the result of bis own observations and 
studies, It is one of the most original 
monographs in the series to which it was 
contributed. 


Lire Histories OF ANIMALS, INCLUDING Man: 
or, OvTLINES OF ComparaTiVE EMBRY- 
oLtocy, By Dr. A. 8. Packarp, dr. New 
York: Henry Holt & Co., 1876. Pp. 
243. Figures 268. 

Since the translation of Siebold’s ‘ Com- 
parative Anatomy of the Invertebrata,” by 
Dr. Burnett, accompanied by the valuable 
investigations of the translator, and the 
publication of “Mind in Nature,” by Prof. 
If. James Clarke, there has been no general 
work published in this country equaling in 
importance the one before us. Indeed, we 
cannot now recall any work which covers 
the same ground ; and as an evidence of its 
value it may be stated that the English mag- 
azines of scicnce have repeatedly made IibL- 
eral quotations from some of the chapters, 
as they originally appeared in the American 
Naturalist, 

Dr. Packard has not only brought to- 
gethor and richly illustrated a résumé of 
the labors of the leading embryologists of 
Europe—Kowclevsky, Schultze, Schneider, 
Metschnikoff, Salensky, Cienkowski, and 
others equally distinguislied—and also the 
work of American naturalists, too, but has 
contributed much original matter from his 
own published works on inseets and erus- 
tacea. The various classes are conveniently 
but not too rigidly grouped in a natural 
sequence, commencing with the Jfonera, 
and ending with J/an. 

It is refreshing to get hold of a general 
work which is strictly in accordance with 
the latest interpretations of science, and it 
must remain for many years the one stand- 
ard work on the subject. 

The author, as is the case with nincty- 
nine hundrecths of the leading investiga- 
tors, is an evolutionist, and indeed it weuld 
be difficult to conceive a work of this na- 
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ture presented in any other light, uuless it 
were given as a bare descriptive catalogue 
of details. 

With eaca group (considered as a special 
stuly)are given a brief sketch of the struct- 
ure and habits of some of its leading forms, 
their affinities, embryology, and a very use- 
ful table of the literature of the subject. 
A list of the authors referred to indicates 
clearly how few Americans have contributed 
to a knowledge of the subject. 

The advanced character of the work is 
seen in the adoption of Ilaeckel’s terms for 
different conditions of the embryo, such as 
the morula stage, planulu staye, gastrula 
stage, etc. The ascidian stage is also recog- 
nized in the development of Vertebrata. 
Amphiorus is considered separately from the 
fishes, the Brachiopods are placed among 
the worms. Altogether it forms one of the 
most valuable works of science yet pub- 
lished in this country, and it is safe to say 
that no working naturalist can do without it. 

Asasecond edition of the work must 
soon be demanded, we trust it may be ac- 
companied by a table of contents. 


Asstract or Resutts or a Srupy or THE 
Genera GEOMYS AND THoMOMYs, WITH 
ADDENDA ON THE OsTEOLOGY oF GEOMY- 
in£, By De. Ertior Coves. Washing- 
tou: Government Printing-Office, 1875. 
Pp. “4. 

Tis is a reprint from Major J. W. 
Powell's report of his explorations of the 
Colorado River, giving a full scientifie ae- 
count of the little animals known on the 
Western prairies as Pocket Gophers. Re- 
garding the two genera G'eomys and Thomo- 
mys as constituting a perfectly natural group 
of the grade of a family, Geomyide, the au- 
thor describes them as “among the heaviest 
for their inches of any animals in this coun- 
try, of squat, bunchy shape, with short, thick 
limbs, a short tail, very small or rudimen- 
tary ears, small eyes, no appreciable neck, 
and thick, blunt head; and they are as 
completely subterranean as the mole itself, 
They are rarely or momentarily seen above 
the ground; they excavate endless galleries 
in the earth in their search for food, fre- 
quently coming to the surface to throw out 
the earth in heaps, but plugging up these 
orifees as soon as they have served their 
purpose.” 
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Geoinys contains five (some authors say 
seven) well-detined species; Thomomys but 
a single species, including three recogniz- 
able races, out of which, by the process of 
species-‘mongering so common with earlier 
naturalists, a dozen separate species were 
made. While in Geomys the links have disap- 
peared and the species are well-pronouneed, 
in Thomomys the separation is incomplete, 
and the connecting forms still visible. ‘The 
genus appears to be working into a number 
of species, but the process is still far from 
completion.” Adopting modern philosophi- 
cal views, the author's tendency is to re- 
duce the number of species, seeing only 
races or varieties where others claim to 
have found well-defined species. The sev- 
eral species constituting the family are sepa- 
rately described. The cranial] and dental 
characters of the group are afterward treat- 
ed, and the work closes with a further de- 
seription, communicated by Prof. G. Brown 
Goode, of Geomys tuza, a form confined to 
Florida, Alabama, and Georgia, and there 
known as Salamanders. 

Prof. Coucs has the rare faculty of 
making even technical descriptions interest- 
ing, and for this reason the work esmmends 
itself to the attention cf other than scien- 
tific readers. 


Practica [ints on tre SzLEction ann Use 
or THE Microscope. By Joun Pury. 
New York: The Industrial Publication 
Co., 1875. Pp. 181. Price, 75 cts. 

In the preface to this little book the au- 
thor tells us that it is intended for begin- 
ners in the use of the microscope, a pur- 
pose that appears to have beer kept well in 
mind in the subsequent pages, as the ex- 
planations are clear, the direetions explicit 
and suitably detailed; and nothing bas 
been attempted that lies beyond the un- 
derstanding of any intelligent girl or boy 
of fifteen. After pointing out the numerous 
applications of the instrument, that are 
every day extending, the simple and com- 
pound microscope, and the essential parts 
of each, are deseribed. The various forms 
in use are next enumerated, with bricf de- 
seriptions of the most noted; and then fol- 
low practical directions for the selection of 
a microscope, and the requisite aecessory 
apparatus. Illumination, the manipulation 
and care of the instrument, and the collec- 
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tion and mounting of objects, take up the 
remainder of the book. The student is re- 
ferred to the larger works of Carpenter and 
others for a knowledge of the principles in- 
volved in the construction ofthe microscope, 
and of the course of procedure in the sey- 
eral departments of study to which it is ap- 
plied. 


Four THousanp Mies oF AFRICAN TRAVEL. 
By Atyvan 8. Sovriwortn, Secretary 
of the American Geographical Society. 
With Maps and Illustrations, Baker, 
Pratt & Co., New York. Price, $3.50, 
Tue volume of Mr. Southworth 

interesting contribution to our knowledge of 
one of the most important regions of Central 
Afriea. Itis the well-told account ofa jour- 
ney made by the author as traveling curre- 
spondent of the Vew York Herald for the 
purpose of exploring the countries of the Up- 
per Nile—their aspeets, resources, and popu- 
lations. 

The journey commeneed at Cairo on the 
27th of December, 1871.‘ At noon on the 
6th of February,” says the traveler, ‘our 
Soudan duhabeuh was parting the dark, rip- 
pling waters of the Blue Nile from the mud- 
dy flow of its sister confluent, the White 
Nile, and by one o'clock the solitary minaret 
of Khartoum was seen above the palms and 
aeacias!”’ This city contains 49,000 inhabi- 
tants, is the eapital of the Soudan, and is 
the finest provincial city of Central Africa. 

The ehapters in which the author gives 
an account of his trip up the White Nile 
through the heart of the Soudan are full of 
interest. The country is described as won- 
derfully fertile. 
cultivation it is more productive than the 
well-tilled fields of Italy. It abounds in eat- 
tle and camels, as well as wild animals. 
Under the present government the progress 
toward has been immense. 
Within fiftedn’ years we are informed, 20,- 
900,000 people have been brought in some 
degree within the cirele of senii-civiliza- 
tion. But only incipient steps are taken, 
The slave-trade and all the depressing in- 
fluences of savagism still bear upon the 
people. It is believed that no country in 
the world is better adapted to the raising 
of cotton than the Soudan. 

The author turned back from his tray- 
els at Arbah Island, 300 miles southward 
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from Khartoum, and nearly 2,000 miles 
from the Mediterranean. 

The volume ts enlivened by vivid de- 
seriptions of natural seenery and phenom- 
On the Nubian Desert the mirage 
sometimes breaks the dreary view. ‘On 
the 17th of January we were seemingly en- 
compassed by this imponderable mirror. 
In the glowing heat the bed of the desert 
would seem to rise in rippling waves, and a 
line of rocks, at 200 yards distance, kept 
comnion time and looked like a regiment of 
men marehing off the ficld in line of battle,” 
The simooms, sand-storms, and sand-spouts, 
as well as the gorgeous tropical scenery, are 
vividly described. The horrors of the slave- 
trade, and the means by which this and 
other barbarisms may be overcome, are pru- 
dently and judiciously treated. Dr. South- 
worth has done excellent service in publish- 
ing this volume. 


ena, 


Tue AMERICAN JOURNAL OF MICROSCOPY AND 
TPorvian Science, Issued by the Handi- 
evaft Publication Company, 37 Park Row, 
New York, Subseription price, 50 cents 
a year 
Tins is a twelve-page monthly devoted 

mainly to the interests of microscopy. Its 

purpose, as expressed in the prospectus, is 
to diffuse a knowledge of the best methods 

of using the microseope, of valuable im- 

provements in the instrument, and its ae- 

cessories ; of new methods of microscopical 
investigation, and of the most recent results 
of microscopical research. Besides general 
articles, of which the number before us offers 

a pleasant variety, some of them illustrated, 

there is a “Young Folks’ Column,” © Our 


Queries,” ete. 


Report or TIE MictGan Boarp or Hearn, 
Is74. Lansing: W. 8. George & Co. 
Pp. 254. 

Axona the subjects treated in this re. 
port are the entailments of alcohol, drain- 
ing for health, poisonous paper, relation 
of schools to health, resuscitation of the 
drowned, cerebro-spinal meningitis, meteor- 
ology of Central Michigan. Of the cight 
special reports, five were drawn up by Prof, 
R. C. Kedzie, M. D., whose labors are well 
known to all who take an interest in sani- 
tary science. 
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A Gutpe ro Tug Microscopical Examina- 
tion oF Drinxinc-Water. By J. D. 
Macvoyatp, M.D., FLR.S. Pp. 118. 
With twenty-four Lithographie Plates. 
Price, 83. Philadelphia: Lindsay & 
Blakiston. 1875. 

Tris volume is an important contribu- 
tion to our knowledge of the extent and 
nature of the impurities found in drinking- 
water, and the most ready means of de- 
tecting and elassifying them. 
of method and statement, and style of its 
illustrations, the work is admirable. The 
author does not attempt to link particular 
forms of impurity with specific sanitary 
effects, but says further observation may 
show their deep sanitary significance. 

No one now hesitates to condemn a wa- 
ter containing baeteria and fungi, or swarm- 
ing with the lower forms of life. 

The means by which sediments and float- 
ing impurities in water may be best obtained 
and studied is pointed out in a brief intro- 
duetion. 

Section 1 treats of the mineral matters 
found in drinking-water ; seetion 2 gives an 
account of the dead and decaying, section 
3 of the liviug forms found in water. 

The twenty-four plates comprise over 
four hundred figures ; frequently, however, 
the same object is presented under different 
forms. The volume is an excellent hand- 
book, and will greatly facilitate the study 
of the important subject of which it treats. 
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ExpioratioN or Tne CoLorapo River or 
THE WEST AND 1TS TRIBUTARIES IN 1869, 
1870, 1871, ano 1872. Washington: 
overnment Printing-Office. Pp. 291, 
Tus is tue first installment of Major J. 

W. Powell’s exploration and survey of the 
Colorado River region. The book consists 
of three parts, in the first of which we bavea 
journal of the exploration of the cafons of 
the Colorado in the year 1869; in the see- 
ond, an account of the physical features of 
the valley of the Colorado; and in the third, 
three chapters on the zodlogy of the region 
explored. The two chapters of the second 
part were published in the Montny last 
summer, Major Powell kindly permitting us 
to copy from advanced sheets, and supply- 
ing us with the woodcuts. The present 
volume is an exceptionally interesting and 
instructive description of the strange and 
picturesque country explored. 
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Tue CnroLera Epipemc or 1873 in THR 
Usirep States. Pp. 1025. Washing- 


ton: Government Printing-Office. 

CoyTatxs reports made to the Treasury 
Department by Dr. Woodworth, superintend- 
ent surgeon of the Marine Uospital Service, 
and to the War Department by Dr. J. K. 
Barnes, Surgeon-General U.S. Army. Dr. 
Woodworth's report is brief, and traccs 
the history of the introduetion of, cholera 
throngh the agency of the mereantile ma- 
rine. The War Department report is di- 
vided into three parts, the first being writ- 
ten by Dr. Ely MeClellan, U. 8. Army. This 
givesa history of the epidemic of 1873 in the 
United States. The second part, by Drs. J. 
(, Peters and Ely McClellan, is devoted to 
the history of the travels of Asiatic cholera. 
In the third part is given the bibliography 
of cholera by Dr. J. 8. Billings, U.S. Army. 


Notes on Certain Exptosive Agents. By 
Water N. Hi. 8. B. Boston: John 
Allyn, 1875. Pp. 71. 

Tais pamphict contains a large amount 
of practical information about several of 
the more important explosives now in com- 
mon use, such as nitro-glyeerine and its 
various preparations, gun-eotton, and the 
pierates and fulminates. Their chemieal 
composition, mode of preparation, manncr 
of firing, and the reactions which occur 
during explosion, are elearly set forth, and 
tables are also given exhibiting their rela- 
tive explosive power. 


Tuc Taxipermist’s Manvan: or, Tue Arr 
OF COLLECTING, PREPARING, AND PRESERY- 
ING Opsects or Naturat History. By 
Tnomas Brown, F.L.S. New York: 
G. P. Putnam’s Sons. Pp.150. Price, 
$1.25. 

Tuts is a practical guide to the art of 
taxidermy, giving detailed directions for all 
the operations required in the preparation 
and mounting of natural history specimens. 
Tt contains several plates aud a full index. 


Soci Propiems, witt Orner Parers. By 
Josep E, Peck. New York: Charles 
P. Somerby. Pp. 63. Price, 70 cents. 
Tur problems considcred in this essay 
are the materiality or immateriality of the 
mind, and future personality.. The other 
papers are on “The Theological Amend- 
ment,” and “ The State Personality Idea.” 
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Srartiine Facts 1n Mopern SprimituaLisx. 
By N. B. Worre, M.D. Chicago: Re- 
ligio-Philosophical Vublishing House. 
Pp. 7h. 


Dr. Worre tells us that be has been for | 


twenty-five years an observer of modern 
spiritualism. Had he not published, this 
book, the world might never have known 
the extent of his gullibility. He has only 
himself to blame. 


CONTRIBUTIONS FROM THE Laboratory or 
THE Stats University. By P.Scuwert- 
zer, Yh. D. Jefferson City, Mo.: Re- 
gan & Carter, 1875, Pp. 38. 

Two papers by Prof. Sehweitzer, printed 
from the Catalogue of the University, com- 


prise this pamphlet. One is upon the “True ! 


Composition of Coal,” and the other on 
the “Water-Supply of Columbia, Boone 
County,” with analyses. Both papers are 
of value, giving in detail the results of faith- 
ful and well-directed laboratory work. 


Views axp INTERVIEWS ON JOURNALISM. 
Edited by Cnartes F, Wineatre. New 
York: F, B. Patterson. Pp. 372. 

Mr. Wincate allows some of the proini- 
nent newspaper editors of the United States 


to express their opinions on journalism, its | 
Iimits, its tendencies, its perils, its pros- , 


pects. In some instances the editors are 
eatechised im an interview, in others their 
views are ascertained by reference to the 
journals they edit. 


Tue Lower Forms or Lire round WITHIN 
tue Orat Caviry. By C. N. Peirce, 
D.D.S. Pp. 23. Laneaster, Pa.: Penn- 
sylvania Journal af Dental Seicnee. 

Tue forms of life here spoken of are 
six in number, five of them being vegetal 


growths, and the sixth an animal organism, | 


a genus of infusorium, They are all micro- 
scopic organisms. 


Tus Prosrector’s Manxuar. By W. J. 
Scnortetp. Boston: W. J. Schofield & 
Co. Pp. 96. Price, 50 cents. 


INTENDED as a guide to the discovery of 
quartz and placer indications of gold and 
silver mines. The book further gives de- 
scriptions of metalliferous rocks of various 
kinds in the New England States and the 
neighboring provinees of Canada. 
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JoURNAL OF THE AMERICAN ELecTricaL So- 
crety. Vol. L, No.1. Chieago: Lake-~ 
side Publishing Co. Pp. 98. 

Tut American Electrical Society, whose 
offivial organ this Journal is, has for its ob- 
| ject the interchange of knowledge and the 
professional improvement of its metmbers, 
the advaneement of electrical and tele- 
graphic science, and the establishment of 
u eentral point of reference. The articles 
which appear in the Juzrnad consist chiefly 
of papers read at the mectings of the socic- 
| ty, but papers from other sourees on tele- 

graphie and eleetrical subjcets are also 

In the present number, the first 


given. 
| article, which is well illustrated, is by Mv. 
Elisha Gray, on “The Transmission of Mu- 
sical Tones telegraphically.”” There is also 
an illustrated article on ‘“ Quadruplex Teleg- 
raphy.” Among the selected articles we 
may name one on Edison’s “ New Force,” 
by Dr. Beard, and a sketch of Sir Charles 
Wheatstone. The Publishing Committee, 
ina note prefixed to the present number, 
| state that a second number may be issued 

in three or four months. Price, $1.50 per 
number. 


GEOLOGICAL AND NattraiL History &re- 
vey OF Minnesota (1874). By N. HL 
WincneLt, Pp, 36, St. Paul Pioneer 
Press print. 


| Ix this, bis third annual report, the State 
geologist of Minnesota gives the results of 

his researches on the geology of the two 
counties of Freeborn and Mower. In the 
former county there is an abundance of 
peat, most of the marshes being peat-bear- 
ing. This peat is of the best quality, and is 
gradually coming into use for fuel. Geo- 
logieal maps of the two counties accompany 
the report. 


| Becpetin or Tur Unitep States Nationab 


Museum, By J. UW. Kipper, M.D. 
Washington: Government Printing- 
Office, Pp. 51. 


Tne present number of the ‘* Bulletin” 
is devoted to a description of the ornitho- 
logical specimens brought from Kerguelen 
Isiand by the Transit-of-Venus Expedition 
of 1874-75. The number of species de- 
seribed is twenty-one, belonging to six fami- 
lies — Procellavidee, Spleniscide, Laride, 
Phalacrocoracide, Anatide, and Chienidide. 


| 
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Buiietin os tHE Burraro Society or Nat- 
URAL Sciences. 1875. DBuffalo, N. Y.: 
The Courier Company, Printers. Pp. 
T20, 

Tunis issue is No. 4 of Vol. IL, and com- 
prises nine artieles, with an index to the 
volume. The articles are No. 16 to No. 24 
of the series, eight of which are upon sulp- 
jeets of entomology, and all of value to 
specialists in that science. 

No. 18 is a eheck-list of the North Ameri- 

can sphinxes by Aug. R. Grote, and No. 20 

is a valuable paper by Dr. Seudder, being 

a synonymie list of the butterflies of North 

America north of Mexico. 

Article No, 22, by M. C. Cooke, M. A., of 
London, is a synopsis of the diseomyeetous 
fangi of the United States, in which very 
full eredit is given to American mycologists 
for assistance rendered. 


Necessity of a Mecttanican Laporatory, | 


By Prof. R. IL Tucrstoy. 

Pror. Tuvrston here defines 
raechanieal laboratory ought to be, its 
province and its methods. Such a labora- 
tory the trustees of the Stevens Institute 
of Technology, he informs us, have con- 
sented to establish. Sueh bodies as the 
Railway Master-Mechanies’ Association, the 
Society of Civil Engineers, and the Iron 
and Steel Assoeiation, have pledged them- 
selves to give aid and advice in promoting 
the enterprise. 


Pp. 10. 
what a 


Some Account or Zapcs Hcnsonivs axp 
Lacorvs Levcurus. By Dr, E. Coves, 
Washington: Government Printing. 
Office. Pp. 14. 

Zepus is the name given by Dr. Coues 
to a genus which ineludes only one species, 
the “long-legged mouse of Hudson's Bay.” 


This animal, usually referred to the Jeri. | 


de, differs from the Muridz, says Dr, Coues, 
to a degree warranting the recognition of a 
fuinily Zapodide, With respeet to Lagopys 
leweurus {the white-tailed ptarmigan), Dr. 
Coues remarks upon its breeding-habits, its 
nest, and its eggs. 


Tue MamsotH Cave or 
W..S. Forwoop, M.D. 
Lippincott. Pp. 241. 
Tuis is an excellent account of the great 

Kentucky Cave. It is not only a trustworthy 

guide for the visilor, but something far better 


kestocky. By 
Philadelphia : 
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than an ordinary guide-book—an historical 
and deseriptive account of the Mammoth 
Cave, giving explanations of the causes eon- 
cerned in its formation, its ehemistry, geol- 
ogy, etc., together with full seientifie details 
of the eycless fishes. The volume has 
twelve lithographie illustrations, also an 
original map. 


| Geotogicat Nores, 
Rogers. Vp. 13. 
Tue two papers contained in this pam- 
phlet are reprinted from the “ Proceedings 
of the Boston Society of Natural History.” 
The first of the papers treats of the New- 
port conglomerate, and the seeond of the 
gravel and eobble-stone deposits of Vir- 


ginia and the Middle States. 


By Prof. W2ziiax B. 


Weicuts, Measures, anp Moxey, or ALL 


Nations. By F. W. Crane, 8. BL 
| Pp. 117. New York: D. Appleton & 
| Co. Price, $1.50. 


This is a very useful little volume, en- 
abling the reader to reduce to United 
States standards the money, measures, and 
weights of every commereial nation in the 
world. The work is divided into two parts, 
in the first of which we have a classifica- 
tion according to countries, arranged alpha- 
betieally, and, in the second, a set of tables, 
giving the value of each unit both in Eng- 
lish and in metrie standards, 


PUBLICATIONS RECEIVED, 
Washington Astronomical and Meteore- 
logical Observations (1873). Washington 
Government Printing-Office. Pp. 429. 


Reconnoissanee of Northwestern Wyo- 
ming. By W. A. Jones, U.S.A. Washing- 


229 


ton: Government Printing-Office. Pp. 332. 


Algebraical Eyuations. By J. Macnie, 


ALM. Pp. 194. New York: A. 8. Barnes 
& Co, Price, $2.50. 

Ifistory of the United States. By J. A. 
Doyle. Pp. 404. New York: Holt & Co. 


Price, $1.40. 


dclicfs of the Unbelievers. By 0. B. 
Frothingham. New York: Putnams. Price, 
$1, 

French Politieal Leaders, 
Pp. 826, Sume publishers. 


By E, King. 
Price, $1.50. 
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Filth-Diseases. By J. Simon, M.D. Pp. | 


6. Boston: James Campbell. Priee, 81. 


Percy Bysshe Shelley as a Philosopher | 
“snd Reformer. By C, Sotheran. Pp. 51. 
New York: Somerby. Price, $1.25. \ 

Algebra for Beginners. By J, Loudon, 
M.A. Pp. 158. Toronto: Copp, Clark & | 
Co. 


Report or the Publie Schools of Colum- 


ius, Ohie, Pp. 428. Columbus: &. uA. 
Glenn, ! 
The Textile Colorist (Monthly), For | 


sale in New York by Wiley & Son, 
$1 per number. 


Price, 


Report of New York City Superintend-_ 
ent of Schools (1875). Pp. 77. New | 
York: Cushing & Bardua print. 


Report on the Marvard Muscum of Com- 
parative Zodlogy (1875). Pp. 58. Boston: 
Wright & Potter print. 


Message of Governor Tilden (January, 
1s76), 


Chemical Analyses ef Fertilizers, Pub- 
Ushed by the Georgia Commissioner of Ag- 
rieulrure. Pp. 44. 


The Bible and Science. 
Pp. 22, 
prmt. 


By J. Weiss. 
Beston: Cochrane & Sampson 


Sheep-Husbandry in Georgia. 
Atlanta: Harrison & Co, print. 

Sympathy of Religions. By T. W. Hig- 
ginsen. Pp. 38. Boston: Free Religious 
Association, Price, 10 cents. 


Pp. 24. 


The Financial Problem. 
Ward. Pp. 18. 
al Record print. 

Charities of New York (1876). 
New York: Putnams. 


By Hon. E. 
Washington Congression- 


Pp. 69 


Sketch of the Life of J. A. Lapham. 


by S. S. Sherman. Pp. 80. Milwaukee: 
aVews Co. print. 
By T. 


Man's True Relation to Nature. 
Pp Cleveland, 


P. Wilson, MLD. Pp. 26. 
Ohio: L. H. White. 

Sanitary Condition of Towns. Pp. 32 
(Legislative Doeument). Albany: Weed, 
Parsons & Co, print. 

Flenents of Life-Insurance. 
Boston: Wright & Potter print. 


Pp. 32. 


| gal Soviety of New York. 
| oo 


759 


Variation in Strength of a Muscle. Pp 
6, .flso, New Form of Lantern Galvanom- 
eter, Pp. 8. By F. E. Nipber. Reprint 
from slmerican Journal of Science. 

Specimens of Milk from Vicinity of 
Boston, By 8S. P. Sharples, 8. BL Pp. 7. 

Valedictory Address to the Medico-Le- 
By C. Bell. Pp. 

Meteorolozy and Mealth. 
sius. Pp. 5. 


By W. Bla- 
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Trichinous Pork.— 7Zrickénc speralis was 
first discovered by Owen, in 1885, in bu- 
man muscular tissue. Some twenty years 
later the parasite, as seen by Owen, namely, 
a3 a minute worm coiled up within a cyst, 
wag found by Herbst to be the larva of a 
thread-like worm. The latter passes its 
life in the intestinal canal, the former in- 
habits the muscular tissue. When the flesh 
of animals infested by the larve is taken 
into the stomach, the immature trichina: 
quickly multiply, and in the course of a few 
days millions of the encysted larva may Le 
found in the mnseles. 
ly conjectured, it is not improbable that 
the prohibition of pork as food, a prohibi- 
tion enforced not only among the Jews, but 
among various races inhabiting widely-sep- 
arate regions of the earth, had its origin in 
an observation of injurious consequences 
attending the use of swine’s flesh. Dr. Sut- 
ton’s “ Report on Trichinosis,” noticed in 
our January nutber, is worthy of the at- 
tention, not only of medical men, but of the 
publie. We give herewith the result of his 
observations on the cases of the disease 
which came under his notice, and of hig 
examination of hundreds of specimens of 
pork: 

1, He found that all the cases which 
eame under his observation were produeed 
by eating uncooked or imperfectly-cooked 
pork, 2. He reiterates the nniform teach- 
ing of medieal observers that the vitality 
of the trichinee ean be destroyed only by 
thorough cooking of the meat, and that the 
eating of merely smoked or dried pork is 
3. From microseopiec examina- 
tions of pork kile] in Southeastern Indi 


«Ns has been shrewd- 


dangerous, 
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ana, he fuuud from three to sixteen per 
cent. of the hogs affeeted with trichine, the 
number of hogs diseased varying greatly in 
different localities. 4. That ninety per cent. 
of the disease produeed by trichinous pork 
appears as gastero-enteritis, diarrhea, or 
dysentery, ten per eent. only representing 
the cases of trizhinosis proper. 


Penetrating Power of Different Colored 
Lightss—An experiment was lately made at 
Trieste, to determine how far lights of 
different colors penetrate darkness. Llalf 
a dozen lanterns with carefully - seleeted 
glass, and all furnished with oil and wicks 
of the same quality, were lighted on the 
beach, and then observations were made by 
a party ina boat. <At the distance of half 
a league, the dark-blue lantern was invisible, 
and the deep-blue one nearly so; henee it 
appears that blue lights are not adapted for 
use in lighthouses, or as signals. Of all the 
colors the green was visible for the longest 
distanee, with the exeeption of the red, 
which ranked next to the white in power of 
penetration. The conclusion is, that only 
the green and the red are suitable for sig- 
nals; anil the green light the Trieste ob- 
servers only recommend for use in conjune- 
tion with white and red lights, inasmuch 
as, When viewed from a short distance, an 
isolated green light begins to look like a 
white one. 


Curious Freak of the Curly-Willow.— | 


Tue following eurions faets are eommuni- 
eated by Dr. 8. Lockwood to the Botanical 
Bulletin: “We have two pendeat willows, 
known as Six Bulylonica (more correctly 
S, pendula, Moench.), the weeping-willow, 
and Sulix erispa, the curly-willow. On the 
grounds of Hon. E. W. Scudder, Trenton, 
New Jersey, is a fine specimen of each, the 
two having a elcar distance of twenty-five fect 
between their nearest branches. The top- 
most braneh of the eurly-willow, on the side 
of the tree next the weeper, is about ten 
feet long, and six feet thiek, and is densely 
eovered with leaves. The curious fact is, 
that while the rest of this entire tree has 
the perfect habit of S. crispa, this large 
branch has the perfeet habit of S. Babyloni- 
ea. The long pendent branchlets, and every 
teaf, ave in all respects those of the weeping- 
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willow. This is true not only of the form 
and habit of the leaves, but with positive 
exactness also of the eolor. The true crispa 
leaves are a very dark and shiny green 
above, and almost a chalky white under- 
neath. The pseudo-Bubylonica leaves are a 
pale yellowish-green above, and still paler, 
perhaps pea-green, on their under sides. 1 
compared them carefully with the leaves of 
the neighboring Bubylonica, and, excepting 
perhaps that the leaves cf the freak were a 
little the smaller, a fact of no significanee, 
there was no difference whatever. Looking 
at this great branch, the speetator comes to 
regard it as a natural graft. This is an ut- 
ter mistake. It is purely an outeropping of 
heredity, and is thus an interesting evidence 
of the identity of species in the curly and 
the weeping willow. Supposing S. Babylunica 
to be the ancestor, we have here the long- 
dormant inherited force asserting itself, and 
proclaiming the anejent and weilnigh lost 
parentage of S. erispa. It is observable, too, 
that the foliage of the branch, tlius repre- 
senting the true weeper, is much more dense 
than that on the rest of the tree rcpresent- 
ing the curly-willow. This is the fact re- 
specting these trees everywhere, The eurly- 
willow has this to its disadvantage, its pau- 
city of foliage, so that, in pointing back to 
its ancestry, it declares the leaf-weulth of 
the ancient line. As the tree is a very old 
one, it is signifieant that this declaration of 
heredity should appear so late in life.” 


A Wise Public Benefactor.—In 1868 Sir 
Joseph Whitworth presented to the British 
nation an annuity of £3,000 per year, which 
was vested in the Department of Science 
and Art, for the purpose of founding sehoi- 
arships to promote the instruction of young 
men in the theory and practice of meshan- 
ics and the cognate sciences. He has now 
made over to the pnblie his large landed 
estates for similar purposes, reserving to 
himself a life interest. The Department 
of Scienee and Art is to hold the estates, 
subject to the contro) of Parliament. In 
commenting upon this munificent action of 
Sir Joseph Whitworth, the London Zimes 
commends his wisdom in trusting Parlia- 
ment to adapt his endowment to the va- 
rying circumstances of successive times. 
“ We have had,” says the 7%mes, “abundant 
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instances of late years of the manner in 
which what the Lord-Chancellor deseribes 
as a ‘perpetual trust’ has hampered, in- 
stead of fostering, the development of the 
future. It is not merely that so much 
money has been wasted, but obsolete rules 
and exploded systems have been a lasting 
obstacle to the growth of thought and to 
the intelligent adaptation of new genera- 
tious to new necessities. The law of mort- 
main has not been sufficient to avert this 
danger, and great institutions like our uni- 
versities and public schools have from time 


to time come to a dead-loek. Being estab- 


lished with no other dominant objeet in 
view than that of perpetuating the systems 
of the past, a troublesome outery has always 


been raised when it has become necessary | 


to udapt them to the present.” 


Diffasion of Cholera.—Pettenkofer’s the- 
ory of the spread of cholera—namely, that 
it depends on geological and hydrological 
conditions receives eonfirmation from 
the researches of Dr. Decaisne, one of the 
foremost hygienists of Franee. In a com- 
munication to the Académie des Sciences, 
Dr. Decaisne calls attention to the fact that 
the cities of Lyons and Versailles have al- 
ways been in a great measure proof against 
this disease, though the country round about 
has again and again been ravaged by it. 
Paris, on the contrary, has often suffered 
severely from cholera. In 1832 Lyons en- 
tirely eseaped the visitaticn of the epidem- 
ie, which ravaged all the rest of the coun- 
try. Again, in 1835, Lyons was not attacked 
by the cholera in its advance up the Rhone. 
In 1849 it made its appearance in one of 
the barracks, and a few cases occurred in 
the neighborhood ; but three weeks later it 
had disappeared, In the autumn of 1858 
the cholera prevailed in the department of 
Drome; there was an outbreak at Lyons, 
the number of cases being 400, with 196 
deaths. In 1865 there were only a few 
sporadic cases, 

According to Pettenkofer’s theory, the 
immunity of Lyons is explained partly by 
the constitution of the scil, but this expla- 
nation applies only to those quarters of the 
town whieh overlie the granite rock, either 
directly, or with a bed of clay interposed. 
All those portions of the city which rest on 


t 
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the alluyium owe their immunity to peculiar 
conditions of the wderground water. The 
two instances mentioned above of outbreaks 
of the cholera in Lyons coincide with periods 
of exceptional drought, when organic matter, 
which is usually submerged, underwent de- 
composition by the action of the air, But 
those portions of the city which owe their 
salubrity to the physical constitution of the 
soil have always enjoyed immunity, As for 
the city of Versailles, the conditions there 
are analogous to those found at Lyons. But 
Paris rests on Eoeene Tertiary formations 
which are permeable and dry—conditions 
whieh are favorable to the dissemination of 
cholera, 


Coal-Deposits in New York State.—In a 
reeent popular lecture on the subject of 
eoal, given under the auspices of the Buffa- 
lo Society of Natural Sciences, Prof. A. R. 
Grote speaks as follows of the prospects of 
finding coal within the limits of the State 
of New York: “Though coal exists in 
small quantities in the earth below the car- 
boniferous formation, it will not pay to mine 
it. The Marcellus shale, for instance, is so 
eharged with bitumen that it ean be burnt. 
A great deal of money has been wasted in 
this State in searching for coalin formations 
where it could not be found. More money, 
a thousand times over, has been frittered 
away than would pay for a new scientific 
surycy of the State, which is so much need- 
ed, Instead of consulting scientific men, 
geologists, people have dug vainly, and 
wasted time, labor, and money. Within the 
borders of our State we have no earbonif- 
erous formations, except a bare outerop- 
ping, in the southwestern part, of conglom- 
erate belonging to the series. No coal es- 
ists in this State in any quantity.” 


Observations on the Migrations of Birds. 
—With a view to aseertain the conditions 
governing the migrations of birds and certain 
other periodical phenomena, the natural-his- 
tory editor of Forest and Stream invites the 
attention of observers throughout the coun- 
try to the subject, and suggests that each 
one keep a record of his observations. The 
points to be specially observed are the fol- 
lowing: 1. Whether each species of birds 
‘is resident throughout the year, is a sum. 
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mer or winter visitant, or only passes over 
a Toeality in spring or fall, 2. With refer- 
onee to each species in a given locality, 
whether it is ‘‘abundant,’ “somewhat 
eommon,” or “rare.” 3, What species 
breed, and whether more than once in a 
seison. 4. Dates of arrival, greatest abun- 
dance, nest-building, laying eggs, hatching 
of young, and beginning of departure of 
each species, and when it is last seen in 
the fall. 5. What effeets, if any, upon 
the relative abundance of particular birds, 
in retarding their arrival or hastening 
their departare, sudden changes of the 
weather, storms, and late and early sea- 
sons appear to have. 6. Similar notes npon 
the appearanee and movements of the quad- 
rupeds, reptiles, and fishes of the region, 
and upon the time of flowering of trees 
and plants. 7. Other occurrences eonsid- 
ered noteworthy. It is desirable that ree- 
ords of this kind should be kept. As the 
writer in Forest and Slream observes, it is 
through such observations as these, con- 
tinued year after year, that the natural his- 
tory of England has beeome so well known, 
and so many persous there have become in- 
terested in it, We may add that children 
might easily be induced to take an interest 


in this kind of natural-history observations, | 


and so by degrees acquire the faculty of 
accurately noting what is going on around 
them. 


Aretic Researeh,—aA commission of thir 
teen eminent naturalists, appointed by the 
German Government to discuss the ques- 
tion of Arctic discovery, have made a re- 
port, in which they adopt the advice of 
Lieutenant Payer, of the Austrian Expedi- 
tion. 
search, but dissuade from voyages of dis- 
covery; they believe that the advantages to 
be derived from the former can be seeurcd 
by a safer and surer method. They recom- 
imend the establishment of permanent sta- 
tions in those Arctic regions which can be 
safely approached and abandoned at any 
time. As a beginning, they recommend 
several stations to be formed on the eastern 
shore of Greenland, the western shore of 
Spitzbergen, and Jan Mayen Island. Houses 
should be built, furnished with every regard 
to the inclemeney of the climate, In each 


They do not object to Aretic re. | 
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house the commission would have stationed 
a detachnient of scholars, sailors, and other 
enterprising men, to remain fora term of 
years, a ship being sent out for their relief 
from time to time. 

The men at these stations could do good 
work for meteorology, by observing the pe- 
riodic recurrence of Arctic phenomena, as 
well as any deviation from the ordinary 
rule, and would thus be enabled to discover 
the reasons for the alternation of storm and 
calm at the equator, The connection he- 
tween terrestrial magnetism and atmospher- 
ic eleetricity, eable-currents, and the aurora 
borealis, can only be investigated in such 
high latitudes ; while the laws of terrestrial 
magnetism itself will never be thoroughly 
appreciated unless the variations of mag- 
netism in the far north ave studied. Then 
as to astronomy, the theory of refraction, 
the atmospheric lines of the speetrum, and 
the relation between comets aud shooting- 
stars, to be better known, require continued 
observation near the pole. Geodesy, too, 
by measurement of degrees and observa- 
tion of the pendulum, will arrive at more 
definite conclusions respecting the form of 
the globe. 

Geography, independently of the topo- 
graphical details to be ascertained on the 
spot, will derive the most valuable geognos- 
tic information from further systematic 
study, Geology, paleontology, mineralogy, 
botany, and zodlogy, may expect to make 
great strides from persistent exploration of 
the northern and southern poles, while 
physiology and biology will be enormously 
advanced by the discovery of the conditions 
of life in those cold regions. There was a 
time when man in Central Europe led the 
life to which Lapps and Eskimos are con- 
demned nowadays. To become familiar 
with the manners and customs, the religion 
and morals, the physical and psychical pe- 
culiarities of Aretie races, is to dive into 
the distant past, and may probably explain 
much that is still unintelligible in our 
primeval history. 


Foree and Work.—Work without im- 
plies work within. No exercise of force 
can be made except by the generation and 
use of force of which no part enters into 
the external result. The use of museles in- 
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volves use of nerves. The external force, 
if exerted by a musele, is only part of that 
which it produces. Now, the proportion 
between these two in their several degrees 
isa subject of great practical importance, 
and some interesting faets have recently 
been published by Helmholtz. From these 
it is clear that the greater the external force 
exerted the greater is the proportion of the 
needful internal foree—that is, great exer- 
tion ig more wasteful than moderate exer- 
tion. Then foree has to be evolved in pro- 


portion to the external work done, and | 
, by observations made at Philadelphia, not 


therefore the greater is the wear and tear 
of the animal machine. The same increased 
proportion of non-productive work is seen 


when the external energy is below a moder- | 


ate amount, 1t is found, for instance, that 
in walking, a speed of three miles an hour 
gives the most economical use of the forces. 
No doubt in these facts we have an index 
to much of the ill effects of the present 
high-pressure rate of work and life. The 
waste ol foree is out of proportion to the 
work done. More is elfeeted in a given 
time, but the body feels it more, and its 
working period is proportionately shorter. 
These facts cannot be too often repeated or 
too constantly remembered by those who 
have the regulation of labor.—Zancet. 


Contributions to Meteorology. —The 
American Journal of Science, for January, 
contains the fourth paper by Prof. Loowis, 
giving results of reeent researehes in the 
science of meteorology, founded on data 
derived chiefly from the weather-maps of 
the United States Signal Service. 

In a former article attention was called 
to the fact that low temperatures at the 
surface of the earth are produced by de- 
scent of cold air from the upper regions of 
the atmosphere, It was shown that, in areas 
of high barometer, the movement of the 
air is outward from the centre, instead of 
inward, as in case of low barometer or 
storm, This implies a supply from down- 
ward motion, 

The current notion, that extreme cold is 
brought by wind from colder arcas, is met 
by the fact that, at Yakootsk, in Siberia, 
which is about the coldest place in the 
Northern Hemisphere, the temperature is 
lowest when the air is quite still, and equal- 
ly when the wind is from north, south, 
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east, or west. These results are obtained 
from four years’ observations at that place, 
and are similar to those obtained at New 
Ilaven, except as to direction of wind. Ic 
would be diffieult to explain where the ex- 
treme cold of Yakootsk came from, except 
from the upper atmosphere, seeing that it 
is colder than the country round about. 

A diurnal variation in the progress of 
storms was boticed by Prof. Loomis in a 
former paper. This fact suggested to him 
the further one that there is a diurnal ine- 
quality in the rainfall, This is now shown 


by the Signal Service maps, which do uot 
record hourly observations. It appears 
that the maximum rainfall oecurs at about 
six o'clock in the afternoon; and the mini- 
mum at three o’clock in the morning. 

By observations which cover a peviod of 
ten years, made at Prague, in Bohemia, it 
appears that the greatest rainfall during the 
day oceurs in the afternoon, the maximum 
being from three until six o’elock, 

The traeks of storms in America and Eu- 
rope, already noticed by Prof. Loomis, are 
further considered in this paper. He de- 
termined the precise latitude at which the 
storm-centres eross certain lines of longi- 
tude, and in this way establishes a line 
whieh is the track of the storm-centre; a 
similar method was applied to storms in 
Europe. It appears that the average track 
is not regular, but varies. In an artiele 
published in July, 1874, it was stated that 
the average dircetion of the storms of the 
United States was, for the vear, 8° north of 
east, and that is correct as a general state- 
ment. Couneeted with the present arti- 
ele is a chart, by which it is seen that the 
average track of American storm-centres is 
over Chicago and Detroit, and is detlected 
to the south ceast of Newfoundland. From 
this point it secms to be continuous over 
the ocean, being deflected northward near 
the Irish coast, passes over Dublin, and 
thence across Denmark. These results, 
however, are obtained from the Paris maps, 
and the continuity of the line may, in some 
measure, depend on the extent of the field 
of observations by which it was determined. 

The number of storms traced across the 
Atlantic Ocean is not large; they undergo 
ehanges on the ocean, and frequently are 
merged in other storms. 
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The velocity with which storms advance 
is further considered in this paper. It was 
previously stated that the rate might vary 
from a stationary condition for many hours, 
or several days, to the extreme velocity of 


1,200 miles in a day, or even 57.5 miles an 


hour. 

3y an examination of European maps it 
appears that storms over Europe travel at 
au average rate of 26.7 miles per hour, and 
it was found from examination of American 
maps that they move at about the same 
rate in this country. But over the Atlantic 
Ocean the movement is only 19.6 miles, 
showing that the velocity is less over the 
ocean than over the land. 

This proves that the progress of a storm 
is not merely a drifting of the atmosphere; 
for, observes the professor, it seems proba- 
ble that the average progress of the atmos- 
phere in an easterly direction is as rapid 
over the Atlantic Ocean as it is over North 
America. 


How Rats and Mice ase their Tailsx— 
To test the correctness of the popular belief 
that rats and mice use their tails for feeding 
purposes, when the food to be eaten is con- 
tained in vessels too narrow to admit the 
entire body of the animal, a writer in Ve- 
ture made the following experiments: Into 
a couple of preserve-bottles with narrow 
necks he put as much semi-liquid fruit-jelly 
as filled them within three inches of the 
top. The bottles were then covered with 
bladder, and set in a place frequented by 
rats, Next morning the covering of eack 
bottle hid a small hole gnawed in it, and 
the level of the jelly was lowered to an ex- 
tent about equal to the length of a rat’s tail 
if inserted in the hole. The next experi- 
ment was still more decisive. The bottles 


were refilled to the extent of half an inch | 


above the level left by the rats, a disk of 
moist paper laid upon the surface, and the 
bottles covered as before. The bottles were 
now laid aside in a place unfrequented by 
rats, until a good crop of mould had grown 
upon one of the moistened disks of paper. 
This bottle was then transferred to the 
place infested by the rats. Next morning 
the bladder had again been eaten through 
at one edze, and upon the monld were nu- 
merous and distinet tracings of the rats’ 
tails, evidently caused by the animals sweep- 
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ing their tails about in the endeavor to find 
a hole in the paper, 


Experiments in Beet-Caitare. —In the 
course of their experiments on beet-culture, 
Dehérain and Fremy planted some beets in 
absolutely sterile soils, to which were added 
from time to time sueh substances as were 
thought to be essential for the development 
of the plant. It was found that the beets 
continued in the rudimentary state when 
they received in such soils only distilled 
water; they increased slightly in weight 
when common water took the place of dis- 
tilled ; their development was greater still 
when the water contained soluble phos- 
phates, or salts of potash; but yet the 
roots never attained the weight of 100 
grammes, When for these mineral sub- 
stances were substituted ammoniacal salts 
or nitrates, the yield was much _ better. 
Normal beets, however, cannot be grown 
unless to these nitrogenous fertilizers are 
added phosphates and potash salts. It is 
worthy of note that, when the beet finds in 
the soil nitrogen, phosphorus, potash, and 
lime, it develops as well as in a soil con- 
taining humus. To establish this point 
Messrs, Dehérain and Fremy compared the 
produce of two such soils, and found that 
the beets grown in sterile soil were heavier 
than those grown in rich soil. 

Ou examining the beets grown in plots 
in the experimental garden of the museum, 
the authors found them to be very poor in 
sugar, though the soil was very rich. From 
this it follows that deficiency of sugar in 
the beet is not due to exhaustion of the 
soil. In seeking the true cause, it oceurred 
to Messrs, Dehérain and Freny to ascer- 
tain how much nitrogen the beets con- 
tained, and found it to be very large, 
Ilence it appeared that a soil rich in nitro- 
gencous matters is unfavorable to the pro- 
duction of sugar, This conclusion was con- 
firmed by sundry analyses of beets grown 
at the museum, at the school of Grignon, 
and in the departments of Aisne, Nord, 
and Eure, All the results positively con- 
firm the observations made by the authors, 
and their conclusion is that, if beets are 
now less rich in sugar than formerly in 
those departments which have long pro- 
duced them, that fact is not owing to the 
exhaustion of the soil and its deprivation 
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of principles necessary for the develop- 
ment of the beet; on the contrary, the 
reason of the phenomenon is, that the soil 
is too rich in nitrogenous matters, in conse- 
quence of the liberal use of manures. 


Battoons and Carrier-Pigeons.—It is re- 
lated by a writer in the London Quarterly 
Review for July, that when Pilatre de Ro- 
zier had descended safely to the earth, 
after making the first atrial voyage cver 
undertaken by man, Benjamin Franklin, 


in Paris, on being asked his opinion of the 
brothers Montgolfier’s invention, replied, 
“A child has just been born.” But hith- 
erto its growth has been extremely slow. 
Nevertheless, the history of aérial naviga- 
tion is full of interest, and it is well told by 
the writer im the Quarterly. Some of the 
early objections against ballooning were 
singular enough. Thus, it was urged that 
female honor and virtue would be in con- 
tinual peril, if access could be had by 
balloons at all hours to the windows of 
heuses! Politicians objected that, if the 
path of air were to be made free, all limits 
of property and frontiers of nations would 
be destroyed. Asa matter of course, atrial 
navigation was denounced as “impious.” 
And, when the brave Pildtre des Rozier’s 
balloon took fire in the air over the city 
of Boulogne, and he Jost his life, many a 
one recognized herein the “hand of Provi- 
dence,” just as the peasant-girl, who sawa 
deal chair fall “from heaven,” at once de- 
cided that it was a part of the household 
furniture of the angels. In point of fact, 
Gay-Lussac, who happened at the time to 
be overhead, had thrown the chair out of 
his ear, to lighten his aérostat. 

During the siege of Paris by the Ger- 
mans, a balloon post was established in the 
city, At first there appeared to be innu- 
merable obstacles in the way of this enter- 
prise, the chief one being the difficulty of 
obtaining a sufficient number of atronauts, 
In this strait, the aid of seafaring men resi- 
dent in the city was invoked, as their train- 
ing had made thein familiar with operations 
and dangeis akin to those of baHooning. 
From September to January, sixty-four bal- 
loons were sent off, and of these fifty-seven 
fulfilled their mission. The number of let- 
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writer in the Quarterly Review mentions 
one incident connected with these balloon 
voyages which scems hardly credible: On 
one. oceasion, the erew of a balloon found 
themselves over the sea, out of sight of 
land. Seeing vessels they made signals for 
help, but were not answered, and one vessel 
fired on them, The men afterward 
seended to the earth in Norway. 

To earry dispatches and letters into 
Paris, earrier-pigeons were employed. The 


de- 


| dispatches, public and private, were first 
who at the time (November 21, 1783) was | 


printed on pages of tolio size, 16 of which 
were placed side by side, forming a large 
sheet about 54 inches long by 382 wide. 
This was redueed by photography to x5 
of its original area, the impression being 
taken on a small pellicle of collodion, two 
inches long and 14 wide, and weighing 
about } of a grain; each contained about 
2,000 words, or 32,000 words in all, equal 
to about 58 pages of this magazine. Every 
pigeon carried twenty of these leaves, which 
were carefully rolled up and put in a quill. 
At the Government office in Paris, the quill 
was eut open, and the eollcdion leaves care- 
fully extracted. They were then magnified 
by an optical apparatus, copied, and sent 
to their destination. 


Mental Overwork.—One of the great 
evils of modern life, in the estimation of 
many eminent physicians, is mental over- 
work, It is asserted that affections of the 
heart are now wore numerous than ever 
before, that asylums for the insane are be- 
ing overerowded, and that nervous disor- 
ders of every kind are on the increase. 
What are the signs whieh indicate impair- 
ment by overwork? This question is thus 
answered in the Sanitury Aecord: “ Over- 
work,” says the Record, “exists when the 
sense of energy onee possessed is distinct- 
ly impaired ; when it is found an effort to 
get through what was once a cheerful task ; 
when what was ouce found comparatively 
easy ia beginning to be felt a trial; and 
above all when errors or omissions, the di- 
rect outcomes of a flagging and wearied 
brain, commence to manifest themselves. 
To spur on an exhausted brain, and by ap- 
plieation and longer hours of toil to eom- 
pel the overtaxed nervous system to com- 
| plete its round of duty, is one of ithe most 


ters thus dispatehed was 3,000,000, The | disastrous and erroneous measures that can 
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be adopted. Whenever work, itself unal- 
tered, looks larger than of yore, and is felt 
to be more trying, then the system is eom- 
meneing to feel the effeets of overwork, 
which, however, may actually have existed 
for some time unnoticed. This is especially 
true of the monotonous labor which is under- 
cone by the elerks and subordinate officials 
of our commercial houses; if they are free 
from the anxietics which affect the princi- 
pals, they are the more subject to the 
wearing action of monotonous labor. The 
institution of bank holidays is a step in the 
right direction, and ere long the absolute 
necessity for a more decided increase in 
the number of national holidays will be 
palpable enough. What man ean safely do 
is not to be measured by his desires, but by 
his powers; and we are all rapidly becom- 
ing eonvinced that incessant toil is not only 
undesirable, but that it is uneconomical. 
The one day’s rest in seven is not now suf- 
ficient for our needs.” 


French Public Libraries.—In a statisti- 
eal work, comparing France with other 
European countries, the following interest- 
ing notes on publie libraries oecur: Paris 
has six great libraries, the property of the 
state, and open to the public, viz.: Biblio- 
théque Nationale (900,000 volumes), Biblio- 
théque Mazarine, Bibliothéque de IArse- 
nal, Bibliothéque Sainte-Genevitve, Biblio- 
théque de la Sorbonne. Outside of Paris 
France has 338 libraries which twenty years 
ago contained 3,689,000 printed volumes, 
Forty-one of these libraries are open in the 
evening. Great Britain has (in its publie 
libraries) 1,771,493 volumes, or six volumes 
per 100 of the population ; Italy 11.7 vol- 
umes per 109. In France there are 4,389,000 
volumes, or 11.7 per 100 persons; in Aus- 
tria 2,488,000 volumes, or 6.9 per 100; 
Prussia 2,040,450, or 11 per 100; Russia 
852,000, or 1.8 per 100; Belgium 509,100, 
or 10.4 per 100. Since 1865 school libra- 
ries have been founded nearly throughout all 
We have already in the Montniy 
given the statistics of these school libraries, 
but we copy the figures again from the 
work to which we are indebted for the fore- 
going statistics. In 1865 there were 4,833 
of these school libraries in France, contain- 
ing 180,854 volumes; in 1866, 7,789 libra- 
ries, 258,724 volumes; 1867, 11,417 libra- 


France. 
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ries, 721,853 volumes; 1868, 12,395 libra- 
ries, 988,728 volumes; 1869, 14,395 libra- 
ries, 1,239,165 volumes; 1870-71, 13,638 
libraries, 1,158,742 volumes. 


Appearances attending the Passage of a 
Meteor.—In stating the results of his ob- 
servations on the passage of a meteorite 
seen at Louisville, December 12, 1872, Prof. 
J. Lawrence Smith says that it first appeared 
as a large red light in the zenith, which 
seemed to stand motionless for several sec- 
onds, evidently because it was then de- 
scending ina line with the eye of the ob- 
server. Then starting off with an uncer- 
tain, faltering motion, it moved slowly tow- 
ard the horizon, gradually fading from a 
lurid red to a dark purplish hue, and leav- 
ing a dense stream of blue smoke behind, 
which remained forseveral minutes, “These 
clouds,” continues Prof. Smith, “are not 
unfrequently eonnected with the passage of 
these bodies through our atmosphere, and 
are usually more striking in the daytime, 
or, as in this instance, just after sunset, 
when the sun was well situated to light up 
the cloud and exhibit it to the observer who 
could no longer see the sun, What are 
these clouds? Are they eomposed of im- 
palpable matter abraded from the surface 
of these bodies in their passage, or are they 
true vapor-clouds? From a elose study of 
observations in connection with several 
well-known falls of meteorites, I am more 
inclined to adopt the former view; but 
there is reason for believing that the vio- 
lent disturbance of a portion of the atmos- 
phere (much of it, in the rapid passage of 
the body, undergoing great condensation), 
added to an undoubted elcctrie disturbance 
of the atmosphere, would tend to the depo- 
sition of moisture, upon the atmosphere 
being gradually restored toits former equi- 
librium.” 


Insett-killing Plantss—During a botan- 
ical tour in Atlantic County, New Jerscy, 
Mr. Meehan, of Philadelphia, found grow- 
ing, near Hammonton, a great number of 
plants representing three speeics of Dro- 
sera, namely, D, filiformis, D. longifolia, 
and D. rotundifolia, All of these species 
had insects attached to them, but many of 
the plants had none. The remains of the 
inseets which have been caught seem to 
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continue attached to the plant for a long 
time, and thus the observer at onee per- 
eeives which plant has had the benefit of 
animal food, No dilference in health or 
vigor could be deteeted between those 
which had had inseets and those which had 
not. This, however, docs not by any 
means deeide the question whether the 
plants do or do not digest the insects. As 
Mr. Meehan remarks, the ease of these 
plants is comparable to that of vegetari- 
ans and flesh-eaters among mankind; it is 
a question which class is the healthier, A 
plant, he said, might feed on inseets, and 
yet be no healthier than those which lived 
as other plants did. But the author does 
not see how this faculty of catching and 
digesting inseets could be developed by 
natural selcetion, ‘It is believed,” said 
he, “that the power to catch insects is a 
developed one—a power not possessed by 
their predecessors—and developed accord- 
ing to the law of natural seleetion. Unless 
inseet-eatehing can be shown to be an es- 
pecial advantage, there is nothing to select.” 
Among the many Droseras observed by 
Mr. Mechan on this occasion, only one pre- 


sented the phenomenon of the leaf bending | 


over on itself, and so enfolding the prey. 


The Soda-Lakes of Wyoming.—An ac- 
count of the soda-lakes of Wyoming Terri- 
tory is given in the report of Mr. Pontez, 
geologist of the Union Pacific Railroad. 
Ile describes two such lakes, the larger one 
covering about 200 aeres. 
depth of water in this lake is three feet, 
and its specific gravity 1.097. The soda is 
nearly all carbonate. The second lake is 
situated near the first, and covers about 3} 
aeres. During the greater part of the year 
it is a conerete mass of carbonate-of-soda 
erystals, Mr. Pontez exeavated to the 
depth of six feet without reaching the bot- 
tom of the deposit, which is constantly in- 
creasing from the influx from the larger 
lake. These lakes are situated about 65 
miles from Rawlins Station, on the Union 
Pacific Railroad. The quality of the ear- 
bonate is deelared to be fully equal to the 
imported article. Estimating the quantity 
by the specific gravity of the water, its 
depth and area, the large lake would yield 
on evaporation 78,C00 tons, which would 
realize, at $45 per ton, $4,510,000. Be- 


The average | 


sides the cost of freigit, the expense of 

| preparing the article for market would be 
$4 per ton for evaporating. The small 
lake already crystahized, and estimated only 
at a depth of six feet and an area of 155,- 
000 feet, contains 30,660 tons, which at 
$45 per ton would realize $1,579,700, 


Refraction of Sound.—Refraction of 
sound by the atmosphere was the subject 
of a paper read by Prof. Osborne Reynolds, 
at the last meeting of the British Associa- 
tion, in which were given the results of ex- 
| periments made by the author, He had 
confirmed his hypothesis that when sound 
proeceds in a direction coutrary to that of 
the wind it is not destroyed or stopped by 
the wind, but that itis lifted; and that at 
sufliciently high elevations it could be heard 
at as great distances as in other direetions, 
or as when there is no wind, An upward 
diminution of temperature had been proved 
by Glaisher’s balloon-ascents, and he showed, 
| by experiments with the sounds of firing 
of rockets and guns, that the upward varia- 
tion of temperature had a great effect on 
the distance at which sounds could be heard. 
By other observations, he found that when 
the sky was cloudy and there was no dew, 
the sound could invariably be heard much 
farther with than against the wind, but that, 
| When the sky was clear and there was a 
heavy dew, the sound could be heard as far 
against a light wind as with it. 


The Opiam-Habit—The British vice- 
consul at Kinkiang, China, in a report to 
his government, states certain facts coming 
under his own observation, which seem to 
show that the opium-habit may exist with- 
out detriment to health. During a tour on 
the Upper Yang-tse-kiang, he was thrown 
into the closest relations with junk-sailors 
and others, almost every adult of whom 
smoked opium. Their work was of the 
hardest, rising at 4 a. w., and working, with 
hardiy any intermission, till dark, having 
constantly to strip and plunge into the 
streain in all seasons. The quantity of food 
eaten by them was prodigious, and from this 
and their work it may be inferred that their 
constitution was robust. The two most ad- 
dicted to the habit were the pilot and the 
cook. On the incessant watchfulness and 
steady nerve of the former the safety of the 
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junk and all on board frequently depended ; 
the other worked hard from 3 a. mM. to 10 
p.M., and often longer. This cook hada 
conserve of opium and sugar, which he 
chewed during the day, as he was able to 
smoke only at night. 


NOTES. 


By a mistake of the printer, the heading 
to Dr. Jerome Kidder's advertisement in the 
last number of the Monraiy was made to 
read, “Superior Eleetro-Chemicul Appara- 
tus.” It should have read, “Superior Elec- 
tro-Medical Apparatus,” as it now stands, 


Last summer the Freneh Assembly voted 
to M. Pasteur a life-pension of 12,000 franes, 
im consideration of his public services as a 
scientific investigator. Another pension of 
6,000 franes was lately allowed bim by a 
decree of the Marshal-President. 


Ix conjunction with the U. & Fisheries 
Commission the Sinithsonian Trigiation will 
exhibit at Philadelphia the resourees of the 
United States derivable from the waters, in- 
cluding the objects themselves, the produets 
derived from them, the apparatus by which 
the objects are captured or utilized, and 
finally the means by which they are mnlti- 
pled and maintained ina healthy state, The 
last seetion is intended to illustrate the 
present state of piseiculture in this country. 


Ar the annual ineeting of the American 
Microseopieal Society of the City of New 
York, held on Jannary 25th, Dr, John B. 
Rich was elected President, and Mr. C.F. 
Cox, 13 William Street, Seeretary for the 
present year, 


Tue Loan Colleetion of Scientific Instru- 
ments, soon to be placed on exhibition in 
London, will undoubtedly be the most suc- 
cessful enterprise of the kind ever at- 
tempted. Nearly every civilized country 
will be represented. Not only modern in- 
struments, but also those possessing a more 
strictly historical interest—such as apparatus 
once used by Galileo, Tyeho Brahe, Lavoi- 
sier, Priestley, Boyle, Herschel, ete.—will 
have a place in this collection. 


In some parts of Russia the young shoots 
of the “ cat-tail” (Typha latifolia) are used 
as asparagus; they are said to be delicious. 
The plant grows abundantly in the United 
States in swampy localities, 


Cartars ALLEN Youna will sail again 
next May, from England, to renew the search 
after the remains of Sir John Franklin’s 
expedition. Ife will first visit the entrance 
of Smith Sound, with a view to receive in- 
telligence from the Alert and Discovery. 


THE POPULAR SCIENCE MONTHLY. 


Tne death is announced of George Pou- 
lett Scrope, the geologist. Me was horn i in 
1797, and received his education at Har- 
row School and Cambridge University. In 
1825 he published his first scientific ‘work, 
“Considerations of Voleanoes.” Two years 
later he published a treatise on “The 
Geology and Extinct Voleanoes of Central 
France,” a work of signal merit. In 1833 
he entered political life as a member of 
Parliament, and published a number of 
pamphlets on a variety of governmental 
topies. His later scientific writings consist 
of articles contributed to the Journal of the 
Geological Society and the Geological Maya- 
zine, 


A signal for the use of the Coast Sur- 
vey has been erected on the summit of 
Mount Shasta, California, at an elevation of 
14,402 feet. Itis described in the Scientific 
American as being a hollow exlinder of gal- 
vanized iron 12 feet hich and 2 } feet in di- 
ameter, surrounded by a cone “of nickel- 
piated copper, with concave sides, 3 feet 
high and 3 fect in diameter at the base. 
The nickel- plated cone is a brilliant reflect- 
or and will reflect the sunlight in such a 
manner that the reflection can be scen for 
a distance of 100 miles or over. 


One of the grandest engineering projects 
of the time is the union of the Black and 
Caspian Seas. The plan is to join by a 
canal the tributaries of the Manytch and 
the Kouma, two considerable rivers which 
drain the northern slope of the Caucasus, 
If these two seas were united, the naval 
force of Russia would be practically dou- 
bled, for then her Caspian fleet could, in 
ease of necessity, be added to that which 
holds the Black Sea. 


AN old lioness in the Dublin Zodlogica] 
Gardens was, during her last illness, much 
worried by rats, against whieh she could no 
longer defend herself, .A terrier dog hav- 
ing been placed in the cage to protect the 
sufferer, the lioness at first received him 
with a surly growl; but, when she saw hira 
kill the first rat, she began to appreciate 
her visitor. The lioness coaxed the terrier 
to her, folded her paws round him, and the 
dog slept each night on her breast enfolded 
with her paws, and protecting her rest from 
disturbance. 


Tr is stated in the Tridune that Prof. 8. 
S. Jlaldeman recently found in an excava- 
tion in the vicinity of Chickies, Pa., a large 
number of Indian relics. The collection 
includes one hundred pieces of pottery, 
sixty stone arrow-heads, and one of copper ; 
a tomahawk, eight stone chisels, several 
mallets and pipe-stems ; also a few of those 
instruments commonly called “ sinkers,” 
but the proper use of which is unknown. 
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